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ABSTRACT

Objective: We aimed to compare magnetic resonance imaging (MRI) and atlas measurements to determine the target coordinates of globus pallidus 
internus (GPi) and subthalamic nucleus (STN) during stereotactic neurosurgery.

Methods: Eleven patients treated with bilateral deep brain stimulation (DBS) GPi and STN for the treatment of Parkinson’s disease (PD) were included 
in the study. The target was chosen by direct visual recognition of GPi and STN in three-dimensional MRI. The coordinates were automatically 
saved using special software and converted to the anterior commissure-posterior commissure (AC-PC) coordinate system using a matrix conversion 
process. The same GPi and STN targets were identified based on the locations of brain structures shown in the Schaltenbrand atlases. MRI-based GPi 
and STN target coordinates were statistically compared with the corresponding atlas-based coordinates.

Results: Eleven patients were included in our study. The median age was 66.6±11.72 in the GPi group and 47.50±14.20 in the STN group. The average 
length of the AC-PC line was 26.15±1.42 in the STN group; and 26.46±1.34 in the GPi group. It was quite similar in both groups for each coordinate 
measurement, and the Intra-class Correlation Coefficients of each measurement were over 90%.

Conclusion: According to the results of our study, target coordinates obtained by direct visual targeting on MRI and target coordinates obtained by 
indirect targeting based on atlas were highly compatible. The coordinates used for DBS in the treatment of PD were confirmed by both methods.
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INTRODUCTION

Parkinsonism is a clinical syndrome that occurs with any 

combination of bradykinesia, resting tremor, rigidity, and 

postural instability. The most common form of parkinsonism is 

Parkinson’s disease (PD); a chronic, progressive disease caused 

by the degenerative loss of dopaminergic neurons in the brain 

and characterized by clinically asymmetric parkinsonism (1). 

During diagnosis and treatment, many factors should be carefully 

evaluated, including the patient’s signs, symptoms, age, stage 
of the disease, degree of functional disease, level of physical 
activity and efficiency (2). Treatment of PD can be divided into 
pharmacological, non-pharmacological and surgical treatment. 

Deep brain stimulation (DBS) is the most commonly performed 
surgical procedure for the treatment of advanced PD (3). Evidence 
from randomized controlled trials suggests that either the DBS 
of the subthalamic nucleus (STN) or the internal globus pallidus 
(GPi) mitigate motor fluctuations and dyskinesia associated with 
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advanced PD. The STN and GPi are two of the most common 
target structures used for DBS (3,4). The lead should be placed 
correctly to maximize therapeutic benefit and minimize side 
effects. Preoperative localization of target structures can be 
performed directly from stereotactic preoperative magnetic 
resonance imaging (MRI) or indirectly from atlas coordinates and 
predefined anatomical markers. Given the anatomical variability 
of the target core between patients and a degree of atrophy 
that can be found in patients with neurodegenerative diseases, 
the direct targeting method is unquestionably more suitable for 
individual patients. However, this technique can result in limited 
contrast and relatively low visibility of target points in standard 
MRI (5,6).

Technological advances in imaging methods have facilitated 
direct target planning and post-operative lead localization. But 
intraoperative verification of the electrode position relative to the 
intended target coordinates is difficult. Although there are very 
few published data documenting the best targeting method for 
DBS and the accuracy of any electrode placement method, there 
is no consensus on the subject (7-10). The aim of this study was 
to investigate the reliability of atlas-derived data by comparing it 
with direct targeting on MRI, and to assess the suitability of each 
technique for stereotactic targeting.

METHODS 
This study was conducted in accordance with the principles of the 
Helsinki Declaration of the World Medical Association “Ethical 
Principles for Medical Research Involving Human Subjects” (held 
in October 2013). Ethics committee approval for this study was 
obtained from İstanbul Yeni Yüzyıl University Clinical Research 
Ethics Committee (approval number: 2020/02, date: 10.02.2020).

This study included 11 patients admitted to a neurosurgery clinic 
for drug-resistant PD and underwent DBS. Patients underwent 
bilateral electrode implantation for continuous stimulation of GPi 
(n=5) and STN (n=6) under local anesthesia.

Under local anesthesia, the stereotactic frame (Zamorano-Dujovny 
open ceramic version, Stryker Leibinger, Freiburg, Germany) was 
placed parallel to the anterior commissure-posterior commissure 
(AC-PC) line relative to the external landmarks (lower orbital ring, 
external auditory canal). AC-PC coordinates were determined on 
axial T1-weighted images (T1-WI) using MRI, Achieva 1.5 Tesla 
(Philips, Best, Netherlands), and the coordinates of the mid-
commistatic point (AC-PC) and AC-PC distance were calculated 
accordingly. The location of the STN and GPi cores was found 
and their coordinates were calculated according to the AC-PC 
line. Schaltenbrand-Wahren-Atlas was also used as AC and PC 
reference points and merged with a volumetric T1-WI MRI data 
set.

The target was then chosen based on the Schaltenbrand atlas 
(11). In this atlas, one of the GPi and STN cores was selected, the 
distances between the AC and PC midpoints were measured on 
the Schaltenbrand atlas after the target was detected. According 

to the AC-PC line on the atlas; vertical, inferior and anterioposterior 
coordinates were determined and the plate where the DBS target 
was wanted to be placed was selected.

Then, in the operating room, a stereotactic electrode guidance 
device was mounted and a 14 mm hole was drilled at the 
predetermined orbital level. Microelectrode recording was not 
used. Electrode implantation was performed. Distal electrode tips 
were placed subcutaneously. Under general anesthesia, the brain 
pacemaker placed under the skin with iv propofol and remifentanil 
was connected to the electrodes. Computed Tomography was 
performed to control post-operative patients in terms of possible 
complications.

Statistical Analysis

All analyzes were done in SPSS v21 (SPSS Inc., Chicago, IL, USA). 
Due to the small sample size, the coordinates were analyzed with 
the Wilcoxon signed-ranks test. The fit of the coordinates for both 
methods was evaluated using Cronbach’s Alpha and Intra-class 
Correlation Coefficient (ICC). Accordingly, we suggest that ICC 
values below 0 indicate “low” reliability; values between 0.5 and 
0.75 indicate “moderate” reliability; values between 0.75 and 0.9 
indicate “good” reliability; and values greater than 0.90 indicate 
“excellent” reliability (12). P<0.05 was considered statistically 
significant.

RESULTS 
Eleven patients (4 females, 7 males) were included in our study. 
The mean age was 66.6±11.72 in the GPi group and 47.50±14.20 
in the STN group.

The average length of the AC-PC line was 26.15±1.42 in the STN 
group. The target coordinates set in Atlas and MRI for STN showed 
“excellent” correlation for distances between right hemisphere 
dx, dz and left hemisphere dx, dy, dz (p-value for all >0.05 and ICC 
>0.90) (Table 1).

The average length of the AC-PC line was 26.46±1.34 in the GPi 
group. The target coordinates set in Atlas and MRI for GPi showed 
“excellent” correlation in distances between right hemisphere dx, 
dy, dz and left hemisphere dx, dz (p-value for all >0.05 and ICC 
>0.90) (Table 2).

DISCUSSION 
According to the results of our study, the target coordinates we 
determined in Atlas and MRI for STN and GPi showed “excellent” 
correlation. Accordingly, DBS structures, which are often not clearly 
visualized using Atlas, have been verified by MRI techniques.

Reliable identification of the anatomical boundaries of STN and 
GPi is a critical step for DBS of these structures. Atlas-based 
coordinates are limited to relying only on a few brain samples, 
and several studies have documented inter-individual variations 
in the position of these nuclei. The Schaltenbrand atlas consists 
of successive brain slices (plates) obtained from a brain. The 
coordinates calculated based on the structures found in this atlas 
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Table 1. Distribution of STN coordinates according to patient characteristics

 Mean SD Median Minimum Maximum p Cronbach’s Alpha ICC

Age 47.50 14.20 47.50 31.00 69.00 - - -

AC-PC distance 26.15 1.42 26.30 23.80 27.60 - - -

Right hemisphere

dx

Atlas 11.82 2.13 11.15 9.70 15.90
0.109 0.995 0.992

MRI 12.08 2.29 11.50 10.00 16.50

dy

Atlas 2.60 2.78 1.70 0.40 8.00
0.043 0.985 0.968

MRI 3.33 2.34 2.50 2.00 8.00

dz

Atlas 3.67 1.36 3.80 1.40 5.00
1.000 0.992 0.993

MRI 3.67 1.51 4.00 1.00 5.00

Left hemisphere

dx

Atlas 11.58 2.76 11.00 9.00 16.60
0.078 0.992 0.984

MRI 12.08 2.46 11.50 10.00 16.50

dy

Atlas 2.28 2.00 1.80 0.30 5.90
0.176 0.981 0.977

MRI 2.58 1.69 2.50 1.00 5.50

dz

Atlas 3.03 2.06 3.55 0.30 5.00
0.109 0.989 0.985

MRI 3.33 1.86 4.00 1.00 5.00

dx, dy, and dz distances to the x, y, and z axes, respectively. p: p-values for Wilcoxon signed-ranks test, ICC: Intra-class Correlation Coefficient, SD: standard 
deviation, AC-PC: anterior commissure-posterior commissure, MRI: magnetic resonance imaging, STN: subthalamic nucleus

Table 2. Distribution of GPi coordinates according to patient characteristics

  Mean SD Median Minimum Max p Cronbach’s Alpha ICC

Age 66.60 11.72 71.00 48.00 78.00 - - -

AC-PC distance 26.46 1.34 26.50 25.10 28.20 - - -

Right hemisphere

dx

Atlas 17.34 2.95 15.70 15.00 22.10
0.080 0.988 0.978

MRI 18.00 2.92 17.00 16.00 23.00

dy

Atlas 6.56 2.76 7.90 2.20 8.90
0.223 0.991 0.990

MRI 6.80 2.68 8.00 3.00 9.00

dz

Atlas 2.12 1.18 1.70 1.00 3.70
0.593 0.949 0.958

MRI 2.20 1.30 2.00 1.00 4.00

Left hemisphere

dx

Atlas 17.36 2.93 15.70 15.10 22.10
0.078 0.989 0.979

MRI 18.00 2.92 17.00 16.00 23.00

dy

Atlas 6.48 2.65 7.60 2.30 8.90
0.043 0.997 0.987

MRI 7.00 2.55 8.00 3.00 9.00

dz

Atlas 2.12 1.16 1.70 1.00 3.60
0.144 0.976 0.966

MRI 2.40 1.14 2.00 1.00 4.00

dx, dy, and dz distances to the x, y, and z axes, respectively. p: p-values for Wilcoxon signed-ranks test, ICC: Intra-class Correlation Coefficient, SD: standard devi-
ation, AC-PC: anterior commissure-posterior commissure, MRI: magnetic resonance imaging, GPi: globus pallidus internus
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are not obtained from an average brain, but from a photograph 
that actually corresponds to a slice of a certain thickness (13). 
It has been recognized that the use of atlases for stereotactic 
neurosurgery is conditioned on data normalization according 
to the characteristics of each brain. However, there has been no 
consensus on the normalization process (14,15).

MRI allows excellent visualization of commissures, which are 
thalamic organization. It also shows individual anatomical 
variations while reducing the imaging artifacts produced by the 
stereotactic framework. It is possible to obtain millimeter sections 
with good signal with 3-D gradient-Echo reception. It allows the 
radiologist to position all anatomical landmarks identified by 
high-resolution MRI ventriculography in a non-invasive manner. 
In addition, structures not seen in ventriculograms, such as the 
internal capsule, can be visualized (16,17). There are concerns 
that artifacts on MRI will distract intracranial targets from their 
actual anatomical position, leading to errors in determining 
target coordinates and, as a result, failed stereotactic procedures. 
However, precise MRI-guided stereotactic procedures can be 
performed using high-field MRI with a homogeneous magnetic 
field and linear field gradients (18,19). In a study conducted using 
anatomical samples, mean stereotactic errors were reported to 
be 0.48±0.17 mm; 0.69±0.14 mm and 0.82±0.13 mm, respectively, 
in the x, y and z directions (18). Other studies that report the 
reliability of direct MRI coordinates are mainly based on visualizing 
the structure only in the coronal plane and do not target a specific 
subregion (20,21). In another study comparing MRI and Atlas 
methods for DBS in Parkinson’s patients, it was concluded that 
high-resolution MRI, which enables direct visualization of the 
nucleus in both axial and coronal planes, correlates borders in 
both planes and creates a three-dimensional structure would be 
more effective (7). These results support that a functional MRI 
procedure can be performed safely after its accuracy has been 
verified by a certain stereotactic MRI standardization. A recent 
metaanalysis concluded that STN for DBS is difficult due to low 
resolution and geometric distortion in MRI sequences used in 
direct targeting, but that STN boundaries can be better defined 
with new MRI techniques. Accordingly, sensitivity-based imaging 
techniques and image reconstruction methods can show the way 
to produce high-quality, artifact-free images that neurosurgeons 
can use to accurately and reliably target their electrodes (22).

Study Limitations

Our study also had limitations. It is a retrospective study in nature, 
based on patient file records. Although the patient population is 
not sufficient, objective results can be obtained with prospective 
studies.

CONCLUSION 
In light of these results, normalizing Atlas data based on the 
reference of more patients will bring Atlas coordinates closer to 
MRI targets. In addition, increased image quality along with the 
developing technology in the field of MRI will also allow sterotactic 

targeting to be performed more accurately and in a standard way. 
Based on the overlap of the target coordinates we determined in 
our study in both Atlas and MRI, we believe that the targets we 
determined will be a guide for subsequent studies. Randomized-
controlled studies are needed on this issue.

The target coordinates we set for DBS coincide with each other 
in both Atlas and MRI. Due to atrophy in neurodegenerative 
conditions, the anatomy of patients will also be different. Therefore, 
a direct targeting technique based on the patient’s own brain 
anatomy may be a more convenient way of preoperative targeting 
for DBS. Accurate anatomical targeting can also minimize the 
number of exploration marks required for physiological testing of 
the target, thus enabling faster and safer surgery.
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