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Impact of microelectrode recording guided targeting
on final position of DBS electrodes in patients with
Parkinson’s disease
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Abstract

Objectives: The clinical results of deep brain stimulation (DBS) of the subthalamic nucleus (STN)
and internal globus pallidus (Gpi) are highly dependent on accurate targeting and target implantation.
Several targeting techniques are in current use, including image-only and/or electrophysiologically guided
approaches using microelectrode recordings (MERs). The purpose of this study was to make an appraisal
of imaging only based versus imaging with the intraoperative MERs guided electrode targeting.

Material and Methods: The authors evaluated patients undergoing DBS between January 2011 and
December 201 8. The position of the STN and Gpi target was estimated from preoperative MR images with
relation to the position of the midcommissural point. MERs were obtained for each trajectory. The authors
compared the image-based target with the final coordinates of the electrodes as seen on postoperative CT.
Accuracy was assessed by both vector error and trajectory radial error.

Results: Fifty three patients underwent the procedure. One hundred and six electrodes were placed
(aII bilateral). Electrode implant locations were the STN and Gpi in 39 and 14 patients, respectively. Target
accuracy measurements were as follows: Median vector error 2.28mm (IQR; 1.47,3.1 7) and median trajec-
tory radial error 0.7mm (IQR; 0.3,1.5). There was a statistically significant (positive) correlation between
two error (r=0.538, p < 0.001)

Conclusions: The imaging only based targeting compared with final coordinates of the electrodes from
intraoperative MER guided targeting as seen on postoperative CT had median vector error 2.28mm (IQR;
1.47,3.17)

Keywords: deep brain stimulation; subthalamic nucleus; internal globus pallidus; targeting; micro-

electrode recording; Parkinson’s disease; accuracy
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£15190 1 Demographic data (n = 53)

Statistics data

Year

- 2554 6

- 2555 5

- 2556 1

- 2557 6

- 2558 8

- 2559 9

- 2560 8

- 2561 10
Sex

- Femal 23 (43.4%)

- Male 30 (56.6%)
Age

Mean + SD. 56.96 + 9.11

Min - Max 27-71
Target

- Gpl 14 (26.4%)

- STN 39 (73.6%)
First side

- Right 6 (11.3%)

- Left 47 (88.7%)

Passes (n = 106)

- 62 (58.5%)

15 (14.2%)

14 (13.2%)
6 (5.7%)
4 (3.8%)
3 (2.8%)
1 (0.9%)
1 (0.9%)
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m1519f 2 vector error (mm)
Vector error (mm)
n Mean SD. Median Percentile Percentile Percentile Percentile p-value
5 25 75 95
Total 106 2.56 1.61 2.28 0.61 1.47 3.17 5.57
Side 0.422
- Left 53 2.46 1.48 1.94 0.79 1.36 3.19 5.57
- Right 53 2.67 1.74 2.5 0.59 1.55 3.17 5.66
Target 0.977
- Gpl 28 2.72 2.09 2.18 0.79 1.4 3.14 5.8
- STN 78 2.51 1.42 2.33 0.59 1.54 3.14 5.41
Passes 0.593
-1 62 2.36 1.36 1.97 0.61 1.36 3.08 5.41
=2 15 3.17 1.81 3.12 0.36 1.94 4.46 7.11
-3 14 2.87 2.49 2.31 0.59 1.91 3.07 10.9
-4 6 2.31 1.52 2.17 0.77 0.79 3.75 4.22
-5 4 2.52 1.23 2.07 1.62 1.71 3.33 4.31
-6 3 2.36 1.97 1.55 0.93 0.93 4.6 4.6
-7 1 3.54
-8 1 2.75
Year 0.136
- 2554 12 2.68 | 0.86 2.66 1.42 1.96 8.31 4.08
- 2555 10 3.72 2.85 2.96 0.79 1.99 4.6 10.9
- 2556 2 1.96 0.6 1.96 1.54 1.54 2.38 2.38
- 2557 12 2.24 1.18 1.79 0.59 1.57 2.89 4.79
- 2558 16 2.64 1.5 2.48 0.62 1.4 3.41 887
- 2559 18 1.99 1.21 1.75 0.36 1.12 3.02 4.93
- 2560 16 2.16 1.78 1.53 0.54 0.92 2.53 5.8
- 2561 20 2.95 1.52 2.9 0.88 1.94 3.27 6.38
First vs Second 0.214
- First 53 2.34 1.34 1.94 0.77 1.33 3.14 4.93
- Second 53 2.78 1.84 2.50 0.59 1.63 3.19 5.80
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£15190 3 Radial error (mm)

Radial error (mm)
n Mean SD. Median Percentile Percentile Percentile Percentile | p-value
5 25 75 95
Total 106 0.99 0.89 0.7 0.1 0.3 1.5 2.9
Side 0.339
- Left 53 0.9 0.82 0.6 0 0.3 13. 2.8
- Right 53 1.09 0.95 0.9 0.1 0.3 1.6 3
Target 0.736
- Gpl 28 0.96 0.9 0.65 0 0.3 14. 2.8
- STN 78 1.01 0.89 0.7 0.1 0.3 1.5 3
Passes 0.416
-1 62 0.85 0.79 0.6 0 0.3 1.3 2.1
-2 15 1.2 1.04 0.9 0.1 0.3 1.6 37
-3 14 1.37 0.9 1.5 0 0.6 2 3
-4 6 0.88 1.09 0.45 0.1 0.1 1.3 2.9
-5 4 1.15 0.87 1.05 0.3 0.45 1.85 2.2
-6 g 1.2 1.82 0.2 0.1 0.1 8.8 8.2
-7 1 0.7
-8 1 1.6
Year 0.119
- 2554 12 1.19 0.95 0.85 0.1 0.5 1.55 8
- 2555 10 1.55 0.94 1.5 0.2 0.7 2.2 3.3
- 2556 2 1.5 0.71 1.5 1 1 2 2
- 2557 12 0.93 0.84 0.7 0 0.2 1.45 2.8
- 2558 16 0.84 0.9 0.35 0 0.15 1.45 3
- 2559 18 1.01 0.9 0.6 0 0.3 1.7 2.8
- 2560 16 0.58 0.59 0.35 0 0.15 0.85 2.1
- 2561 20 1.03 0.97 0.75 0.2 0.5 1.1 3.7
First vs Second 0.114
- First 53 0.82 0.73 0.6 0 0.3 1.2 2.3
- Second 53 1.16 1 0.9 0.1 0,3 1.6 38
Mann-Whitnet test and Kruskal-Walls test
12
o

gﬂmwﬁ 3 simple scatter with fit line of vector error by radial error (mm)

10

Vector error (mm)

.l’
0
EEATRS

r=0.538, p<0.001

) e
¢
¥’

1 2 3 4

Radial error (mm)

linear reression model: vector error (mm) = 1.59 + 0.978X radial error, r* = 0.290
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m15199 4 Axis error(mm)
Axis error (mm)
n Mean SD. Median Percentile Percentile Percentile Percentile p—value
25 75 95
X error 106 1.17 1.12 0.9 0.3 1.7 3.3 0.681
Side
- Left | 53 1.09 1.06 0.90 0.00 0.40 1.30 3.30
- Right B5E 1.24 1.18 1.20 0.00 0.30 1.80 4.00
Y error | 106 1.24 1.06 1.05 0.5 1.7 3.2 0.573
Side
- Left | 53 1.30 1.09 1.10 0.10 0.50 1.70 3.40
- Right 53 1.18 1.03 1.00 0.00 0.40 1.70 2.90
Z error | 106 1.36 1.44 1.1 0.4 1.9 3.1 0.854
Side
- Left | 53 1.32 1.15 1.10 0.10 0.40 1.90 3.40
- Right 53 1.40 1.69 1.20 0.10 0.30 1.70 3.10
Mann-Whitnet test
AN519% 5 A1 Vector error 28991338 waRn tagldinAtiA DBS WUURIS?)
Asleep MERs Intraoperative Image Vector error (mm)
Starr et al.® v X MRI 2.2+0.92
Shahlaie et al.”’ X X O-arm 1.65+0.19
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