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ARTICLE INFO ABSTRACT

Objectives: Deep brain stimulation (DBS) of the ventral intermediate (Vim) thalamic nucleus is used to treat
tremors. Here, we identified the Vim nucleus on fast gray matter acquisition T1 inversion recovery (FGATIR)
images and delineated the dentate-rubrothalamic tract (DRT) to determine the DBS target. We evaluated whe-
ther this method could consistently identify the Vim nucleus by anatomical imaging and fiber tractography.
Methods: We retrospectively reviewed clinical data of patients who underwent unilateral thalamic DBS for se-
vere tremor disorders. We evaluated outcomes at baseline, 6 months and 1 year following intervention, and
annually thereafter. We reviewed preoperative planning to determine whether our tractography technique could
consistently depict the DRT, and evaluated implanted electrode position by fusing postoperative CT scans to
preoperative MR images.

Results: Seven patients (three men and four women) were included; preoperative diagnoses included essential
tremor (n = 3), Parkinson's (n = 2), and Holmes tremor (n = 2). All patients responded to DBS therapy; motor
scores improved at 6-month and last follow-up. The Vim nucleus was successfully identified, as the DRT was
depicted in all cases. Of ten active DBS contacts in seven leads, four contacts were located outside of the depicted
DRT, and these contacts tended to require higher stimulation intensity.

Conclusions: The Vim nucleus was successfully identified with FGATIR. Our methods may be useful to determine
optimal DBS trajectory, and potentially improve outcomes.
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1. Introduction indirect targeting technique; the target is identified based on neuroa-

natomical landmarks such as the width of the third ventricle and the

Deep brain stimulation (DBS') has proven to be an effective treat-
ment option for tremor disorders; such surgical interventions target
thalamic nuclei, including the ventral intermediate (Vim) and the
ventralis oralis (Vo) nuclei. Recent advances in the quality of neuroi-
maging have improved the accuracy and safety of DBS surgery; several
groups have reported the application of diffusion tensor imaging (DTI)
and fiber tractography paired with magnetic resonance imaging (MRI)
for stereotactic planning [1-5]. However, most institutions that per-
form thalamic DBS surgery to treat tremor disorders employ the classic

distance between the anterior commissure (AC) and the posterior
commissure (PC) [6,7]. Irrespective of targeting strategy, finding an
accurate target for intervention remains difficult.

To address the problem of visualizing the thalamic nuclei, several
studies have reported unique in-house techniques; these include a de-
formable 3D brain atlas [8,9] and fiber tractography of the dentate-
rubrothalamic tract (DRT) connecting the dentate nucleus in the cere-
bellum and the contralateral Ventrolateral nucleus including Vo and
Vim nuclei [3,4,10-12]. While the former techniques are useful in
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identifying the thalamic nuclei, it is usually difficult to match the atlas
to an individual brain due to the commercialized software's lack of
flexibility when atlas morphing. Conversely, fiber tractography has
proven useful when stimulating the subthalamic area, but a standar-
dized technique to visualize the fiber has yet to be developed [13].

In our practice, we have identified the Vim nucleus on fast gray
matter acquisition T1 inversion recovery (FGATIR) images and have
delineated the DRT determine the DBS target in tremor cases. We herein
hypothesized that by depicting the DRT via high-resolution MRI and
selecting the presumed Vim thalamic nucleus as a region of interest
(ROD), the Vim nucleus may be consistently identified, thus improving
clinical outcomes. This study further aimed to evaluate our unique DBS
technique using high-resolution anatomical imaging with supplemen-
tary fiber tractography.

2. Material and methods
2.1. Study design

We retrospectively reviewed the clinical data of patients who un-
derwent unilateral thalamic DBS for severe tremor disorders at our
institution between January 2015 and September 2017. The diagnoses
were made by movement disorder neurologists, and medically re-
fractory tremor cases were indicated for DBS surgery; performed with
written informed consent, the intervention was conducted unilaterally
to treat the more severe side. Using the tremor rating scale (TRS),
clinical evaluations were performed at baseline, as well as at the fol-
lowing time points following surgery: 6 months, 1 year, and annually
thereafter. We only included patients who completed at least the six-
month follow-up in this study. A Wilcoxon signed-rank test was per-
formed to compare the follow-up TRS scores with the baseline condi-
tion. We also evaluated the position of the implanted electrode by
means of a postoperative computed tomography (CT) scan fused with
the preoperative MR image. This study was conducted with the ap-
proval of our institutional review board (IRB) named Fukuoka
University-Medical Ethics Review Board (IRB approval number:
2017 M131) and was carried out in accordance with the Code of Ethics
of the World Medical Association.

2.2. Stereotactic planning

An MRI scan was performed a few days prior to surgery using an
MRI scanner (Ingenia 1.5 T, Philips, Netherland). Our MRI protocol for
DBS planning included high-resolution volumetric T1-weighted ima-
ging (T1WI) with contrast, FGATIR [8], and DTI imaging. The following
parameters were applied for FGATIR: slice thickness, 1.5mm; 240
slices; field of view, 240 x 240 x 180 mm®, matrix size, 240 x 237
(0.75mm?> resolution); repetition/inversion/echo time, 3000,/1500/
4.29 ms; flip angle, 4 u; and bandwidth, 140 Hz/pixel. Image acquisi-
tion parameters for DTI imaging were as follows: slice thickness,
2.5 mm; 55 slices; field of view, 230 x 230 x 137.5 mm?>; matrix size,
92 x 90 (2.5mm? resolution); TR 3472ms; TE 89ms; and b value,
800 s/mm?.

Anatomical 3D image construction and stereotactic planning were
performed using commercialized software (iPlan stereotaxy, Brainlab,
Germany) prior to surgery. Multiple MRI sequences were automatically
fused by the software. Following the image fusion process, we identified
the AC, PC, and a midline plane to anchor the Cartesian coordinate
system. The tentative target point was set at 11 mm lateral to the
midline plane, 7mm posterior to mid-commissural (MC) point, and
2mm inferior to AC-PC line; the tip of the electrode could thus be
placed in the caudal zona incerta (cZi).

To refine the trajectory, the parcellation of the ventrolateral tha-
lamic nuclei on the FGATIR image were interpreted according to
Hassler's classification by comparing the image against a human brain
atlas (Fig. 1) [14]. The tentative trajectory was then modified based on
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the anatomical variation of each case so that the final trajectory of the
DBS lead would pass through the Vo/Vim border and avoid blood
vessels, sulci, and ventricles to ensure safety; this was performed by
similar means to those reported by Foote and Okun [15]. As the in-
terpretation of the thalamic parcellation on the FGATIR images has not
been thoroughly discussed previously, we tested our interpretation by
depicting the fiber tractography passing through both of the Vim nu-
cleus and the RN.

As a part of stereotactic planning, the fiber tractography of the DRT
was depicted using the “fiber tracking” function of the planning soft-
ware. This function applies the deterministic tractography algorism
with ROI approach to enable 3D reconstruction of the fiber tract. We
selected two ROIs, including the RN and the presumed Vim, on axial
images of the FGATIR sequence to construct a fiber tract that would
pass through these two areas (Fig. 2). These two ROIs were selected on
the axial slice at the level where the structure is most clearly shown. We
set the FA threshold and minimum fiber length at 0.18 and 50 mm,
respectively. If the tractography connecting two ROIs was successfully
obtained, we considered that the selection of the ROIs was correct re-
gardless of the successful delineation of the fibers connecting the RN
with the contralateral dentate nucleus as the depiction of the crossing
fibers is usually challenging for deterministic tractography methods
[11,16-18]. However, when the tractography could not be delineated
with the selected ROIs as anticipated, we checked the accuracy of our
interpretation of the thalamic nuclei selected for an ROI prior to finalize
the trajectory.

Typically, the trajectory is set at an approximate angle of 65 degrees
with respect to the AC-PC line; however, in cases where it was difficult
to determine a trajectory passing through the Vo/Vim border, it was
instead passed through both the Vo and Vim, and was terminated in the
posterior cZi at a 45-50 degree angle with respect to AC-PC line; this
trajectory enabled the wide area in the thalamus to be stimulated, as
reported by another investigation [19]. In cases with severe ven-
triculomegaly, the entry point is likely to be set laterally to avoid the
lateral ventricle and the periventricular vein, so the target point is re-
latively medial to adjust the position of active electrodes in the tha-
lamus and avoid the spread of the electrical current to the internal
capsule. In either situation, we place a greater deal of weight on placing
the active electrodes in the thalamus rather than the position of the
electrode tip. Fig. 3 illustrates our method to optimize the trajectory
angle.

2.3. Surgical procedure

The procedures of the present study were similar to those of our
previous report [20]. On the morning of surgery, a Leksell G frame
(Elekta, Sweden) was attached to the head after the injection of local
anesthetics. A 5.5cm straight skin incision was made. A burr hole,
14 mm in diameter, was fashioned and countersunk with a high-speed
drill to prevent the burr hole cover (stimloc, Medtronic, Minneapolis)
from protruding outside of the skull [15]. After we opened the dura, the
pia was coagulated by bipolar cautery and sharply dissected using a
#11 blade. Microelectrode recording (MER) was performed in select
cases to map out the thalamic structures. Following implantation of a
DBS electrode (model 3387, Medtronic, Minneapolis), macrostimula-
tion was performed to test the threshold level of stimulation-induced
side effects and the clinical efficacy; we ascertained that a minimum of
5V were required for the intraoperative stimulation-induced side ef-
fects at all contacts to optimize the stimulation parameters at the
clinical settings. The electrode was then fixed to the Burr hole cover. In
cases where the safety margin of the DBS tract was low due to venous
anatomy and/or large ventricular size, we did not perform MER; the
DBS lead was implanted to the preoperatively presumed lead location.

An implantable pulse generator (IPG) was placed under general
anesthesia, and electrical stimulation was started on the same day.
Stimulation parameters were programmed at the clinical settings once a
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Fig. 1. Parcellation of thalamic nuclei on FGATIR axial images (Case 5). The images are organized ventral-to-dorsal in alphabetical order. The thalamic nuclei were
classified by identifying the laminar in the thalamus (B-F, yellow dotted lines). The borders of the lenticular nuclei (B-E: yellow dotted lines) and the tractography of

the dentate-rubro-thalamic tract are also depicted.

AN = Anterior Nucleus; CM = Centromedian nucleus; DRT = Dentate-Rubro-Thalamic Tract; GPe = Globus Pallidus externa; GPi = Globus Pallidus interna;
IC = Internal Capsule; MTT = Mamillothalamic Tract; Put = Putamen; RN = Red Nucleus; Vc = Ventralis Caudalis nucleus; Vim = Ventral Intermediate nucleus;
Vo = Ventralis Oralis. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

month during the first 6 months, after which programming was per-
formed as needed.

2.4. DBS lead localization

On postoperative day (POD) 10, when the pneumocephalus was
fully resolved, a head CT scan was performed and fused to the pre-
operative MRI scan to measure the location of the DBS electrodes. Based
on the same imaging studies, we also measured the location of the
active contact for each case. These coordinates were measured relative
to the MC point. We also retrospectively evaluated the positional re-
lationship between the active contact and the depicted tract in each
case.

3. Results
3.1. Clinical outcomes

During the study period, eight patients underwent unilateral tha-
lamic DBS. All eight patients responded well to DBS therapy, but one
patient with Parkinson's disease (PD) was excluded; he died of cho-
langiocarcinoma three months following surgery. We therefore ana-
lyzed the data from seven patients (3 men and 4 women); preoperative
diagnoses included essential tremor (ET) (n = 3), PD (n = 2), and
Holmes tremor (n = 2). Etiologies of Holmes tremor were stroke
(n = 1) and severe head trauma (n = 1) (Fig. 4). The mean age and
disease duration of our cohort were 70.0 + 9.4years and
4.1 * 3.5years, respectively. The mean follow-up periods were
11.1 *= 6.4 months. MER was not performed to minimize the number
of electrode passes and operating time due to the medical concerns
inclusive of liver cirrhosis (case 3), mild cognitive issue (case 3 and 5),
and severe ex-vacuo change (Case 7). These demographics are sum-
marized in Table 1.

All patients responded to DBS therapy; TRS motor scores improved

from 28.1 + 11.0 at baseline to 13 * 7.4 (p = 0.018) and 13 + 8.3
(p = 0.017) at the 6-month and last follow-up, respectively. TRS ac-
tivities of daily living scores tended to improve from 13.3 * 2.8 at
baseline to 4.7 = 7.2 (p = 0.063) and 5.5 * 6.9 (p = 0.091) at the 6-
month and last follow-up, respectively. Regarding the stimulation
parameters, an interleaving stimulation setting configured with two
contacts was used in three cases to stimulate wide areas of the tha-
lamus; monopolar stimulation was administered in the remaining cases.
Severe complications, such as intracranial hemorrhage and hardware
infections, were not reported in our cohort. Clinical outcomes and the
stimulation parameters are summarized in Table 2.

3.2. Parcellation of thalamic nuclei

Thalamic nuclei were consistently delineated on FGATIR images in
our cohort as described in the methods section. Axial images provided
the clearest depictions of the laminar separating thalamic nuclei.
According to our anatomical interpretation of the FGATIR images, we
were able to identify the following from anterior to posterior on the
same axial plane: the mammillothalamic tract (MTT), Vo nucleus, Vim
Nucleus, and Vc nucleus. The centromedian (CM) nucleus was located
medially to the Vim nucleus. Median thalamic nuclei, such as the CM
and mediodorsal (MD) nuclei, were observed as relatively high in-
tensity areas on FGATIR images. In contrast, the MTT was depicted as a
low intensity area; however, the termination in the anterior nucleus
could still be identified. All thalamic structures could be clearly re-
cognized. We could not, however, distinguish the Voa from the Vop, nor
the CM from the parafacsicullar (Pf) nuclei. The border between the Vc
and pulvinar nuclei was less recognizable than the Vo/Vim and Vim/Vc
borders.

3.3. Fiber tracking

The fiber tract passing through the presumed Vim thalamic nucleus
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Fig. 2. Two regions of interest (A: red nucleus and B: ventral intermediate nucleus) depicted using a brush application within the software. The delineated dentate-
rubro-thalamic tract on axial T1-weighted images at the level of dentete nucleus(C), red nucleus (D), thalamus (E), and precentral gyrus. 3D reconstruction images of
the fiber tract and the DBS electrode (G and H). The images are obtained from case 1. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

and the RN was consistently depicted in all cases prior to surgery. The
obtained tract was considered to be the DRT, as the fiber terminated in
the precentral gyrus. The obtained tracts also likely terminated in the
medial area of the precentral gyrus in all cases. The present technique
had some difficulty in delineating the fiber tracts crossing other fiber
structures, such as the internal capsule or the superior cerebellar ped-
uncle (Fig. 2). Four of seven cases had shown the cerebellorubral fibers
passing through the decussation of superior cerebellar peduncle.

3.4. Stereotactic targeting coordinates and lead location

Three of the seven cases underwent MER mapping. The macro-
stimulation pass was not performed more than twice as the in-
traoperative threshold levels of the stimulation-induced side effect were
acceptable in all cases. The mean coordinates of the stereotactic tar-
geting were as follows: 11.1 + 1.0mm lateral, 5.4 + 0.3mm pos-
terior, 2.0 mm inferior relative to the mid-commissural point. The tra-
jectory angles were 28.4 + 6.0 degrees relative to the midline plane
(center-line angle) and 59.5 + 9.1 degrees relative to the AC-PC plane
(AC-PC angle). The mean coordinates of the tip of DBS electrode in our

cohort were as follows: 10.9 + 1.8 mm lateral, 6.0 = 0.9 mm pos-
terior, 1.7 = 1.1 mm inferior relative to the mid-commissural point.
The trajectory angles were 29.6 + 4.8 degrees relative to the midline
plane and 55.7 + 10.3 relative to the AC-PC plane. These coordinates
are summarized in Table 3.

All of the active contacts were located in the thalamus; however,
four of ten active contacts were outside of the depicted fibers. The
contacts located outside of the fibers were followings: contacts 1 and 3
in case 4, contact 2 in case 6, and contact 1 in case 7. The stimulation
intensity of the contacts outside of the fiber tended to be higher.
Especially, the stimulation intensity of case 4 was highest among cases
even though the tremor was almost completely resolved. The re-
lationship between the lead and the fiber is presented in Fig. 5
(Table 4).

4. Discussion
In this paper, we report seven tremor cases successfully treated with

DBS. We acknowledge that FGATIR imaging has been employed in
many experienced DBS centers; however, to the best of our knowledge,
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Fig. 3. A schema demonstrating different trajectories. (A) Typical DBS trajectory passing through the Vo/Vim border. (B) Low AC-PC angle passing through both Vo
and Vim nuclei. Arrows and dotted lines indicate the trajectories of the DBS lead and microelectrode, respectively. It should be noted that the trajectory should be
situated relatively posterior to pass through the wide areas of the thalamus when the lower AC-PC angle is selected. (C) The arrow indicates the DBS trajectory on
coronal view in non-atrophic brain. (D) The trajectory angle relative to the midline becomes steep in a case with ventriculomegaly compared with that in non-
atrophic brain. (E) In order to place the active contacts in the thalamus, the tip of the electrode is adjusted medially.

AC = anterior commissure; DBS = deep brain stimulation; CST = Cortico-spinal Tract; PC = posterior commissure; Vim = ventral intermediate; Vo = ventralis
oralis; Th = Thalamus; Vent = Ventricle.

Fig. 4. MR images showing the stroke lesion (case 6) and the ventriculomegaly (case 7) in Holmes tremor cases.
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Table 1
Patient demographics.
Case Diagnosis Age Sex Handedness Disease duration (yrs) DBS side F/U (mo)
1 ET 65 F Left 2 Left 24
2 ET 67 F Right 4 Left 12
3 ET 80 M Right 12 Left 12
4 PD, Tremor 72 F Right 3 Left 12
5 PD, Tremor 73 M Right 2 Left 6
6 Holmes Tremor 80 F Right 3 Right 6
7 Holmes Tremor 51 M Right 3 Left 6
70.0 = 9.4 3 men 4 women Left 1 Right 6 4.1 = 35 Left 6 Right 1 11.1 + 6.4

F/U = Follow Up.

this is the first report describing the parcellation of the thalamic nuclei
in combination with fiber tractography. Our results also suggest that
the direct targeting of the thalamic target is feasible.

Recent publications have addressed the usefulness of fiber tracto-
graphy in DBS surgery for the treatment of tremor [5,21]. However, the
literature concerning the application of coordinate-based stereotactic
targeting methods is inconsistent [4,7]; some have argued for direct
targeting via fiber tractography. Clinicians should be aware that fiber
tractography can be arbitrary, as the tract configuration can vary ac-
cording to the methods [13]. The present report therefore used fiber
tractography to support our anatomical interpretation of the thalamic
nuclei on the FGATIR images rather than completely depending on the
tractography.

Even though the depicted DRT was acceptable for stereotactic
planning in all cases, the tractography images were not perfectly ac-
curate as we used a commercialized planning software applying the
deterministic fiber tractography methods that has weakness in deli-
neating the crossing fibers [16,18]. To address the issue, probabilistic
tractography methods may be useful to accurately delineate the DRT
[11] or interpret the parcellation of the thalamic nuclei as demon-
strated by recent studies [22-24]. Interestingly, Middlebrooks and
colleagues reported the greater volume of activation (VTA) in the
motor-related area in the thalamus was associated with favorable out-
comes [24]. However, it should be noted that the probabilistic tracto-
graphy has been research-based while our methods are useful even in
busy clinical settings.

We have focused on the stimulation of the thalamic nuclei, but there
have been arguments concerning the optimal target for electrical sti-
mulation [25-27]. Blomstedt and colleagues have reported the favor-
able outcomes of the posterior subthalamic area (PSA) stimulation for
essential tremor [24,25]. According to their studies, the PSA stimula-
tion was more effective and required lower stimulation intensity than
other targets such as Vim and subthalamic nucleus (STN) [25,26].
Based on these findings, it may be desirable to implant the DBS elec-
trode passing through the Vim thalamic nucleus to the subthalamic area
as proposed by another group [8]. However, the insertion angle is

Table 2
Clinical outcomes and the stimulation parameters at last follow-up.

usually determined by the individual anatomy for safety so the trajec-
tory with lower angles relative to the AC-PC plane to stimulate the wide
area of in the thalamus may be an option as shown in our case. On the
other hand, as a recent study showed the efficacy of the globus pallidus
interna (GPi) stimulation for Holmes tremor cases [28], the optimal
target may be selected according to the etiology.

It should be noted that tremor was successfully controlled even in
Holmes tremor cases, for which DBS has been considered less effective
than when performed for the treatment of other tremor disorders. To
address Holmes tremor, a large thalamotomy lesion was reportedly
required [29], and several other studies have imitated the large lesion
by implanting two leads in the thalamus [8,15,30,31]. Our results
showed that the DBS was likely to stimulate the wide range of the
thalamus at a relatively high voltage; this was achieved by implanting
the DBS lead medially at a lower AC-PC angle as proposed by Yama-
moto et al. [19]. We consider that the accurate placement of the DBS
lead is important to address tremor regardless of its etiology. We sus-
pect that unsuccessful outcomes in the treatment of Holmes tremor may
be partly due to suboptimal placement of the DBS lead, as the ex-vacuo
change in Holmes tremor cases renders the preoperative stereotactic
targeting more complicated.

Although our method has demonstrated potential, it features several
important limitations. The present study was an open label, non-con-
trolled study that included a limited number of heterogeneous tremor
cases with three different etiologies. Controlled studies with a greater
number of patients should therefore be conducted to confirm our
findings. Further, we interpreted anatomy delineated on MR images
based on a human brain. Even though the clinical outcomes supported
our anatomical interpretation, our findings should be confirmed by
other imaging modalities with quantitative analysis, such as MRI with a
higher magnetic field (e.g., 7 T MRI), probabilistic tractography, and/or
electrical field model.

5. Conclusion

We demonstrated a new method to identify the DBS trajectory using

No. TRS motor score TRS ADL score
Baseline 6mo Last F/U Baseline 6mo Last F/U

1 29 12 16 15 2 3

2 31 13 13 14 4 6

3 24 16 18 9 2 4

4 14 2 1 11 1 1

5 48 24 24 15 19 19

6 32 18 18 12 18 18

7 19 6 6 17 0 0

Mean * SD 28.1 = 11.0 13 = 7.4° 13 = 8.3° 13.3 £ 2.8 47 + 7.2 5.5 = 6.9

TRS = Tremor Rating Scale.
@ Statistically significant improvement.
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Table 3

Preoperative stereotactic targeting coordinates and the postoperative lead tip location.
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No. MER  Preop stereotactic targeting coordinate

Postop lead tip location

Lat AP AX Ctr-Line Angle  AC-PC Angle  Lat AP AX Ctr-Line Angle  AC-PC Angle
1 + 11.5 -5.5 -2 25.7 68.7 10.7 -4.9 -25 25.8 66.7
2 - 10 -5.5 -2 26.6 56 11.2 -6.0 —1.65 25.3 51.3
3 - 12,5 -5.5 -2 26.1 65.3 12,5 -5.5 -2 26.1 65.3
4 + 9.5 -6.0 -2 28.1 47.2 9.0 —6.6 —-0.24 30.7 435
5 - 10.5 -5.5 -2 27.5 68 8.8 —6.6 —2.52 28.7 66.4
6 + 11 -5.0 -2 30 51 10.3 —4.6 —-3.05 31.7 52.0
7 - 12 -5 -2 42 51 14.2 -7.0 —-1.81 39.0 44.5
11.1 = 1.0 -54 = 0.3 —-2.0 £ 0.0 28.4 + 6.0 59.5 = 9.1 109 = 1.8 —6.0 = 0.9 -1.7 £ 1.1 29.6 = 4.8 55.7 = 10.3

AC = Anterior Commissure; Ctr = Center; MER = Microelectrode Recording; PC = Posterior Commissure; 3V = Third Ventricle.

Case 1
Contact 2 Contact 3

Contact 1 Contact 2

F3E)

Case 2

Contact 1

R

\

\

Contact 1

Contact 1

Case 3
Contact 2

Fig. 5. The location of the active contacts relative to the preoperatively depicted fiber tractography on axial images. All images are FGATIR sequence except for case
2 showing T1-weighted image due to lack of sufficient quality FGATIR image. Crosshairs indicates the center of the active contact (red circle), and flesh colour lines
indicate the contour of the ventricles and gyrus. Four of ten active contacts located outside of the fibers were following: contacts 1 and 3 in case 4, contact 2 in case 6,

and contact 1 in case 7. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 4

The stimulation parameters and the position of the active contacts at last follow-up.
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No. Stimulation parameters at last visit Coordinates of active contacts
Cathode Anode PW (usec) Frequency (Hz) Voltage (v) X Y Z
1° 2 Case 90 125 3.0 13.3 -2.0 3.3
3 Case 90 125 3.5 14.5 -1.0 5.9
2 1 3 120 180 2.6 13.5 -2.0 3.7
3 2 Case 120 200 3.4 16.6 -2.8 3.3
4" 1° Case 120 120 3.4 10.4 -37 1.9
3" Case 210 120 4.4 12.6 0.4 5.9
5 1 Case 60 130 3.0 11.0 -5.2 0.9
6" 1 Case 120 125 2.8 12.2 -2.0 0.6
2" Case 120 125 3.2 13.7 -0.4 2.5
7 1° Case 60 150 3.2 16.3 -4.6 0.3

TRS = Tremor Rating Scale.
2 Interleaving stimulation settings were applied.
" These active contacts were outside of the fiber tract as shown in Fig. 5.

high-resolution MRI images and supplemental fiber tractography. As
demonstrated by the fiber tractography and clinical outcomes, the Vim
nucleus may be determined using the FGATIR sequence. Our methods
are feasible and effective in accurately identifying the optimal DBS
trajectory. We advocate that surgeons performing DBS procedures
should interpret the anatomical information from preoperative imaging
studies for accurate DBS implantation in each case, rather than perform
a coordinate-based surgery. In this context, the anatomic descriptions
provided by our paper may be useful in improving DBS techniques.
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