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Background 
For a typical DBS surgery, a significant amount of patient data is collected. Multiple image data sets (MR and CT) are acquired to be used for planning. Surgical 

teams identify different anatomical landmarks in these images and use them to plan a trajectory to the target. During surgery, along this planned trajectory, an 

electrode is inserted and stimulation tests are performed. The changes in patient’s symptoms with varying stimulation parameters and position of the electrode 

are noted and used to decide the optimal position to implant the DBS lead. Currently, the various information collected during the surgery is “mentally” visualized 

and analyzed for surgical decision making. We present here a method to visualize and analyze this multitude of information for surgical decision making using 

patient-specific simulations of electric field distribution in combination with intraoperative accelerometry based tremor evaluation and direct-targeting technique 

of DBS.  
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Preoperative information 

• Stereotactic CT and MR (x2) data sets were 

acquired. 

• Using iPlan Stereotaxy (Brainlab) software, 

surgical team outlined different thalamic 

nuclei, identifed the target structure1 and 

planned 2 parallel trajectories and 5-10 

stimulation test positions per trajectory.   

• 3D co-ordinates of the trajectory, anatomical 

structures and target were exported using an 

interface based on VVLink and VTK (Kitware).  

Intraoperative information 

• Stimulation tests were performed at the pre-

determined positions using an exploration 

electrode-Neuroprobe (Alpha Omega 

Engineering) 

• Improvement in tremor was evaluated using a 

3-axes accelerometer attached to the patient’s 

wrist and recording data in synchronization 

with stimulation current amplitude2 

• Effective stimulation current amplitudes were 

identified using post-operative data analysis.  

Patient-specific EF simulations 

• Preoperative MR T1 was segmented into gray 

matter, white matter and cerebro-spinal fluid 

• Brain tissue model is developed by assigning 

different conductivity values to the segmented 

areas.  

• A model of the exploration electrode was 

placed at the different stimulation test 

locations using the co-ordinates from the 

planning data. 

• The distribution of the electric field was 

simulated3 for different effective stimulation 

current identified using accelerometric tremor 

evaluation.  
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Improvement 

in tremor 

relative to 

baseline 

0.2  12% 

0.4  55% 

0.6 70% 

0.8 85% 

1  98% 

Object 
Coordinates (Image) 

X Y Z 

Entry 175.78 121.28 98.87 

Target 163.47 150.58 48.81 

D
a
ta

 C
o

n
so

li
d

a
ti

o
n

 a
n

d
 V

is
u

a
li

z
a
ti

o
n

 
0

0,2

0,4

0,6

0,8

1

0

0,5

1

1,5

2

2,5

0 2 4 6 8 10 12 14 16

Time (s) 

0 

34,6% 

55,1% 

50,0% 

78,3% 

98,1% 

Intraoperative Stimulation Tests with 

Quantitative Tremor evaluation 

A
cc

e
le

ra
ti

o
n

 D
at

a 
[g

] 

St
im

u
la

ti
o

n
 A

m
p

lit
u

d
e

[m
A

] 

Tr
e

m
o

r 
im

p
ro

ve
m

e
n

t 
[*

1
0

0
%

] 

Improvement Maps 

• Each EF simulation is assigned the corresponding 

improvement in tremor based on the stimulation current 

amplitude used as input.  

• The large number of EF simulations per hemisphere (on 

average 17) made visual analysis difficult. Therefore, 

using voxel-based processing, each voxel in the tested 

region was assigned the maximum value of 

improvement.  

• This voxel-based processing divided the tested region 

into smaller parts based on the observed improvement in 

tremor.  

• Visual analysis of such data revealed “hotspots” where 

DBS lead could be implanted.  

• EF simulations of side-effect inducing amplitudes are also 

visualized (in red). This allows the identification of no-go 

zones.  
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