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Introduction: The concept of high frequency electric stimulation in the brain for treating a variety of neurological and psychiatric disorders has gained high acceptance 
in the field of functional neurosurgery. Deep brain stimulation (DBS) is a technique that consists of delivering continuous electric stimulation through permanently 
implanted electrodes which are connected to a pacemaker (internal neuro-stimulator). These electrodes are usually intra-operatively placed using stereotactic 
techniques (CT, MRI) combined with real-time intra-operative x-ray and electrophysiology. Depending on diagnosis and patient specific symptoms, different 
anatomical targets have been proposed and practically chosen for stimulation: internal globus pallidus (GPi), the subthalamic nucleus (STN) and the ventral 
intermediate nucleus (VIM) for movement disorders (MD), the anterior nuclei of the thalamus for epilepsy, and the nucleus accumbence (NAC) and anterior limb of 
the internal capsule (ALIC) in depression or obsessive compulsive disorders (OCD) [1].  
Although those targets have been empirically well defined and proven to be of benefit to alleviate the neurological and/or psychiatric symptoms, it is still poorly 
understood why certain activation patterns of the electrophysiological stimulation lead to specific results. While mentionable progress has been made to find and 
improve the optimal anatomical target areas for DBS in general, very little effort has been devoted into the specific aim to model and predict the electromagnetic field 
properties and understand its interaction with the electromagnetic properties of the surrounding tissue. We hereby introduce a new method of combining individual 
patient specific DTI-fiber tractography (DTI-FT), patient population statistical FT (probabilistic FT) and electrophysiological DBS-simulation (VTA = volume of tissue 
activated) to gain new insides for improved target specification in DBS neuromodulation.   
Method: 26 patients, primarily MD, contributed to the pool of analyzed data. Data fitting and simulation of the electric field DBS-VTA was performed in IGOR-Pro 6.1 
(WaveMetrics Inc). The MRI data (DTI, anatomical T1W, T2W) were analyzed and exported with StealthViz-DTI (Medtronic Navigation, Louisville, USA). Deterministic 
fibertracking (dFT) of the anterior thalamic radiation (ATR), medial forebrain bundle (MFB) and dentato-rubro-thalamic tract (DRT) was performed with StealthViz, 
probabilistic FT with FSL-probtrac (FMRIB, Oxford, GB). Subsequent image registration, statistical mapping and elastic registration onto the MNI152 brain template 
were done with FSL. Verification of patient individual conductivity maps derived from DTI [3] was obtained by comparison with impedance measures during DBS. 
Numerical analysis of data provided obtained from [2] by means of 2D-polynomial fitting enabled us  to generate a simple model for the prediction of VTA at various 
neuromodulation sites (cf. fig.3). The resulting equation can be implemented into an Excel worksheet and is therefore easily available.    
Results/Discussion: Elastic registration of all individual fiber tracts ATR, MFB and DRT from the 26 patients resulted in statistical probability maps from all investigated 
structures in the MNI152 standard space. Therefore these information can be generally also applied to patients where a comprehensive DTI exam and FT-atlas is 
missing. Localization of patient individual DBS-electrode contacts were obtained from MR-registered high resolution postoperative CT processed in Amira (Visage 
Imaging GmbH, Berlin, Germany).   
Based on individual conductivity and impedance measures we were able to accurately (1.5-2mm, unpublished data) predict the VTA around the activated DBS-
contacts in a monopolar stimulation. Examples are shown for various locations, voltages and impedances in figs.2, 3. This information might be particularly useful to 
understand the effect of DBS onto the circuitry of the brain for a variety of common DBS-treatments. Whereas the usual targeting practice relies onto the MR-and 
electrophysiology based identifications of specific nuclei (e.g. STN, GPi, VIM for MD) we believe that certain white matter tracts represent the true targets of DBS. This 
would enable a completely new approach for identifying specific DBS target areas. This finding is encouraged by recent reports in rodents suggesting that DBS acts 
preferably through an activation of fiber tracts afferent to the targeted nuclei [4].   
    

      
Fig.1: Representation of probabilistic WM-fiber structures 
in MNI152 space from a 26 MD-patient population: 
red=DRT; gold=ATR; green=MFB (threshold = 30% 
probability) with typical DBS-electrode placement for PD-
stimulation. 

Fig.2: left - NAC/IC-stimulation with isoline 
representation of the MFB (prob=30%) and VTA for 
the four different DBS-electrode contacts;  
right - STN stimulation and mono-polar DBS-VTA 
for 3V and intermed. tissue impedance (1 kOhm)  

Fig.3: Fit-model of VTA (lateral radius) in dependence on DBS-voltage 
and local impedance measures based on [2]. Inset: VTA with equal 
stimulation voltage (2.5V) for tissue with different impedance (left: 1300 
Ohm -> VAT-radius=2.61mm; right: 600 Ohm -> VAT-radius=3.93mm) 

 

Conclusion: Discussion to date focused mostly on the sole definition of DBS-targets themselves with little debate about their important remote connectivity. It is this 
connectivity that probably might explain clinical improvement and side effects in distinct DBS procedures. As previously shown by our group, modulation of the DRT 
for example is the most likely physiological effect of DBS in the thalamic/subthalamic region that leads to alleviation of tremor [5]. Inadvertent activation of the MFB 
results in psychotropic side effects during STN DBS [6]. Our study indicates that better target areas in the role of specific WM-tracts might exist for various DBS-
treatments. It is therefore suggestive for the general concept of improved DBS target structure assignment for stereotactic DBS-implantation by combination of high-
resolution anatomical MRI, CT and individual white matter fiber tracking.  
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