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Targets for movement disorders (STN, VIM, GPi) ï see p. Op360 >> 

Complications ï see p. Op360 >> 

Targeting platforms ï see p. Op360 >> 

Mechanism of Action ï see p. E11 >> 

Comparison of Neuromodulations (RNS, DBS, VNS) ï see p. E11 >> 

Thalamic SEEG ï see p. E13 >> 

Thalamic FUS ï see p. Rx15 >> 

 

 
 

 

DBS is indicated for poorly localized or multiple regions of seizure origin. 

N.B. there are epilepsies that do NOT involve thalamus! 

 

HISTORY  

¶ Hunter and Jasper showed that seizures could be induced by electrical stimulation of the thalamus. 
Hunter J, Jasper HH. Effects of thalamic stimulation in unanaesthetised animals; the arrest 

reaction and petit mal-like seizures, activation patterns and generalized convulsions. Electroen 

Clin Neuro 1949;1(3):305ï24. 

¶ Monnier and colleagues showed that medial thalamic stimulation could desynchronize ECoG. 
Monnier M, Kalberer M, Krupp P. Functional antagonism between diffuse reticular and 

intralaminary recruiting projections in the medial thalamus. Exp Neurol 1960; 2(3):271ï89. 

 

 

 

 

HARDWARE  - PULSE GENERATORS (IPG) 

RECHARGEABLE  

 Medtronic  St. Jude Boston Sci 

Rechargeable yes - yes 

 

Only Medtronic has FDA approval for epilepsy. 

 

DBS BURHOLE COVERS 

StimlocÊ (Medtronic, Minneapolis/MN) 

SureTekÊ (Boston Scientific, Marlborough/MA) 

GuardianÊ (Abbott Laboratories, Chicago/IL) 

SensightÊ (Medtronic, Minneapolis/MN) 

 

 

BOSTON SCIENTIFIC  

¶ model using four leads with 3mA 90PW and 143Hz that is cycling on for 1 sec and off for 5secs 

would give the patient 2.5 years of battery life. 

 

VERCISE 

¶ rechargeable IPG - 15 year warranty. 

o charging time for movement patients is around 30 mins per week; with 4 leads charging 

could be > 1 hour per week (less with cycling). 

¶ independent amplifiers ï can stimulate several contacts independently and simultaneously. 

¶ Vercise Genus R32 has four channels!!! 

 

II NNTTRREEPPII DD  ssttuuddyy  

- Boston Sci DBS for STN 

 

 

ST. JUDE 

INFINITY  

¶ non-rechargeable IPG. 

 

 

 

MEDTRONIC  

BATTERY CAPACITY  

ERI  = elective replacement indicated (needs replacement in 6-8 weeks) 

¶ if old battery was completely depleted, when turning new battery on, may need lower voltages (as 

patient might have been ramping up voltages to compensate for dying battery). 

¶ Activa RC life has been extended to 15 years. 

 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op360.%20DBS.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op360.%20DBS.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op360.%20DBS.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E11.%20Epilepsy%20-%20Surgical%20Treatment.pdf#Mechanism_Of_Action_Neuromodulation
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E11.%20Epilepsy%20-%20Surgical%20Treatment.pdf#Comparison_of_Neuromodulations
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%2520Intracranial%2520Electrodes.pdf#Thalamic_SEEG
http://www.neurosurgeryresident.net/Rx.%2520Treatment%2520Modalities/Rx15.%2520Focused%2520Ultrasound.pdf#Epilepsy_thalamus
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ñPOCKETò ADAPTORS 

 
 

 

IPG models without Sensing Technology 

K INETRA (MODEL 7428) 

Old (discontinued) version ï old leads need adaptor for Activa PC. 

 

 

ACTIVA ® PC (MODEL 37601) 

- multi-program dual-port neurostimulator. 

(PC = primary cell) FDA Approval Date Apr 2009 

List price (Activa® PC) ï 17,000 USD (2019 October) 

 

 
 

 

ACTIVA ® RC (MODEL 37612) 

- multi-program rechargeable neurostimulator 

RC = rechargeable cell 

FDA Approval Date Mar 2009 

Expected Battery life upgraded to 15 years. 

 

http://www.neurosurgeryresident.net/
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SOLETRA (MODEL 7426) 

- multi-program single-port neurostimulator, old (discontinued) version. 

 

 

ACTIVA ® SC (MODELS 37602, 37603) 

- multi-program single-port (SC = single channel) neurostimulator. 

FDA Approval Date Jan 2011 

 
 

 

 

IPG models with Sensing Technology + Closed-Loop s. Adaptive DBS (aDBS) 

Activa PC+S ï no longer available 

RC+S ñOlympusò ï powerful but complex, limited availability 

 

¶ ñSò stands for sensing ï implant strip electrode via burhole over motor cortex. 

¶ Adaptive DBS (aDBS) (vs. continuous cDBS) saves battery but also gives better outcomes. 

 

 

2025-02-24 FDA approved BrainSenseÊ Adaptive deep brain stimulation (aDBS) for Parkinsonôs 

disease. 

 

 

IPG models with Sensing Technology 

¶ sensing only (adaptive capabilities not yet released) 

 

PERCEPT RC (MODEL B35300) 

Rechargeable 

Smaller than PC: 

 
 

 

PERCEPT PC (B35200) 

Medtronic.com/Percept >> 

http://www.neurosurgeryresident.net/
https://www.medtronic.com/us-en/healthcare-professionals/products/neurological/deep-brain-stimulation-systems/percept-pc.html?cmpid=vanity_url_medtronic_com_percept_RTG_DBS_FY21
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Weight  61g 

Height  68mm 

Length  51mm 

Channels  2 

 

¶ BrainSenseÊ technology - captures local field potentials (LFP) using the implanted DBS lead 

simultaneously while delivering therapeutic stimulation. see below >> 

N.B. right subclavicular position gives less cardiac artefacts (cf. left position) 

¶ full -body 3T MRI eligibility (1.5T with Activa PC). 

¶ > 15% longer battery life than Activa PC (smart battery technology provides real-time prediction 

of remaining battery life based on usage history). 

¶ 20% smaller than Activa PC. 

 

 

PLUGS 

 
 

 

HARDWARE - PATIENT REMOTE  

MEDTRONIC  

¶ same as for movement disorders but has blue button ñSeizureò ï it is programmable (e.g. logging 

the event, restarting stim cycle). 

 

 

 

HARDWARE ï LEADS 

Manufacturer  Model # Contacts Contact Spacing Omnidirectional/

Segmented 

Medtronic 3389 

3387 

3391 

4 

4 

4 

2 

3 

7 

O 

O 

O 

Boston Scientific Vercise 

Vercise Cartesia 

8 

8 

2 

2 

O 

S 

Abbott/St. Jude 

Medical 

Active Tip 6146-6149 

Active Tip 6142-6145 

Infinity Directional 6172 

Infinity Directional 6173 

4 

4 

8 

8 

2 

3 

2 

2 

O 

O 

S 

S 

PINS Medical L301 

L302 

L303 

4 

4 

4 

2 

3 

6 

O 

O 

O 

 

 

PRINCIPLES 

¶ if no intraop testing (e.g. for epilepsy), use ñat targetò cannula; ñ10 mm aboveò cannula may cause 

DBS lead to deviate (some experts set target 8 mm deeper so that ñ10 mm aboveò cannula enters 

the parenchyma). 

¶ use longer lead ï contact spacing 1.5 mm (as opposed to 0.5 mm) only if need to pierce two targets 

(e.g. ANT-MD or CM-pulvinar). 

 

 

CONTACT NUMBERING  

from tip and up (0, 1, 2, 3); numbering is continued on the other side (e.g., 8, 9, 10, 11). 

¶ if electrodes are bilateral, lowest numbers (0, 1, 2, 3) are assigned to left side. 

¶ why first contact is named ñ0ò? ï because original lead designs had a tiny loop at the tip that also 

served as the most distal contact: 

 

 

MEDTRONIC  

1.5 mm between contacts (contact 1.5 mm length) - for big targets [pulvinar] or several targets [CM 

+ pulvinar) 

3387 (used in SANTE trial) 

B33015 (segmented, sensing) 

 

0.5 mm between contacts (contact 1.5 mm length): 

3389 

B33005 (segmented, sensing) 

http://www.neurosurgeryresident.net/
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N.B. with lead 3389 / B33005, the distance between the centers of first and last contact 

is 6 mm ï when planing trajectory and target, plan that 6 mm segment to incorporate 

into ANT (if want all contacts be in ANT, target must be 7.5*  mm deep in ANT ) 

*AlphaOmega DBS lead holding device and ruler are set to exclude the distal plastic 

lead tip 

 

 
 

 
 

 

Lead 3387 ï plan to place contact (3 or 2) inside ANT: 

 
 

 

3389, 3387 

1.27 mm diameter quadripolar DBS electrode models with four platinum iridium cylindrical surfaces: 

 

Model Contact length Electrode spacing 

(edge to edge) 

Uses Comments 

3389 1.5 mm 0.5 mm All targets FDA approved 1999 

3387 1.5 mm 1.5 mm VIM  FDA approved 2002 

not used practically 

 

 

http://www.neurosurgeryresident.net/
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SENSIGHT ï DIRECTIONAL 1-3-3-1 LEAD  

¶ FDA approved in 2021. 

¶ lead tip is 1 mm from bottom of distal (0) contact. 

¶ 33 cm and 42 cm lengths. 

¶ lead diameter slightly larger than old leads - 1.36 mm* ï inner diameter of cannula must be at least 

1.57 mm. 

¶ aim to place contacts 1 and 2 at target ï greatest programming and sensing flexibility. 

*old leads (3389, 3387) - 1.27 mm 

 

 
 

 
 

From tip  to the proximal end of the most proximal contact ï 8.5 mm (B33005) or 11.5 mm 

(B33015) but for surgical target, subtract 1 mm as measurement rulers take this into account (i.e. 1 mm 

tip is excluded when measuring DBS lead on ruler for DBS lead holder): 

 

B33005 lead: when planning trajectory, plan 7.5 mm segment to straddle the stimulation target. 

B33015 lead: when planning trajectory, plan 10.5 mm segment to straddle the stimulation target. 

 

 

 
 

http://www.neurosurgeryresident.net/
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ORIENTATION MARKERS 

¶ best to image 1 month postop (brain settles); but can be done intraop: 

o either fluoro or O-arm (MRI does not show markers) 

o remove stylet 

¶ use magnification: 

 
 

¶ avoid overlap with frame, eye sockets: 

http://www.neurosurgeryresident.net/
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¶ use ñedge enhancementò feature in O-arm: 

 
 

¶ proximal marker aligns with 1a and 2a segments 

¶ distal marker aligns with 1b and 2b segments 

 

 
 

 
 

 
 

AP view is the best (no lead overlap): 

http://www.neurosurgeryresident.net/
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Lateral view: 

 
 

 

IMPEDANCES 

¶ due to smaller segmental contacts, normal impedances have higher upper limit: 

monopolar: 350-8000 Ohm 

bipolar 350-10000 Ohm 

 

 

BURHOLE COVER  

SENSIGHT (B32000) 

- only for SenSight leads (for old leads need to use Stimloc) 

¶ improved visual contrast ï cap is clear plastic, ring is white plastic (line up triangles when applying 

cap). 

 

N.B. if outer table skull bone is drilled off to allow hardware countersink (e.g. for occipital entry sites), 

makes sure to drill off deep bone shelf* around before placing base ring (otherwise drill will damage 

plastic and will prevent clip fixation). 

*otherwise, there will be clip collision! 

 

 
 

 
 

http://www.neurosurgeryresident.net/
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TESTING CABLES 

 
 

 
 

 

EXTENSIONS 

¶ tunneler (passer) is inserted from cranium towards thorax ï as then to pull extension hubs up 

(towards cranium). 

 

37086 

¶ wires made of steel (vs. DBS electrode leads ï platinum) ï tolerate mechanical stresses better. 

 

 
 

 

SENSIGHT EXTENSIONS  

¶ allow 15% length stretch. 

 

 
 

http://www.neurosurgeryresident.net/
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ABBOTT / ST. JUDE 

INFINITY  

¶ FDA approved for PD on 1/28/2020. 

¶ current steering technology ï directional stimulation. 

¶ two leads - both 40 cm long. 

¶ same spacing as the Medtronic 3387 and 3389: 
6172 (8 Channel Directional Lead) has the 1-3-3-1 design with each contact separated by 0.5 mm. 
6173 (8 Channel Directional Lead) has the 1-3-3-1 design with each contact separated by 1.5 mm. 

 

http://www.neurosurgeryresident.net/
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¶ marker dot marks contact A (ñtip of pyramidò) ï for VIM direct it posteriorly; for GPi and STN ï 

posterolaterally. 

¶ to current data ï directional leads have only theoretical advantage. 

¶ directional lead can save malpositions Ò 3 mm. 

 

 

BOSTON SCIENTIFIC  

VERCISE 2-IN-1 DBS EXTENSION  

¶ 2x8 Lead Contact Extension combines TWO DBS lead extensions into a SINGLE 1.3 mm cable - 

minimizes the material tunneled along the neck. 

¶ lay flat low profile header design - to minimize hardware protrusion. 

 

 

 

DBS ELECTRODE LEAD CANNULAS  

ALPHA OMEGA  

¶ single use only. 

¶ above target distance options: 0 mm, 10 mm 

¶ cannula dimensions: 

o length 192 mm (182 mm for cannulas ñ10 mm above targetò) 

o outer diameter 1.81 mm ï each cannula slot on the bengun also has a diameter of 1.8 mm 

o inner diameter 1.6 mm to include thicker Medtronic SenSight* DBS lead (older cannulas 

were 1.4 mm) 

*SenSight DBS lead has 1.36 mm diameter (Medtronic recommends inner 

diameter of cannula at least 1.57 mm); RNS depth lead has 1.27 mm diameter  

¶ stylet: length 203 [mm], outer diameter 1.3 [mm] 

 

 
 

 

Cannula ñ0 mm Above Targetò: 

 
 

Cannula ñ10 mm Above Targetò: 

 
 

 

 

PROGRAMMING, NEUROBIOLOGY  

¶ DBS activates both inhibitory and excitatory pathways; net result depends on target nuclei. 

 

 
 

 

¶ thalamic involvement in seizure networks - Jean Talairach and Jean-Fran­ois Bancaudôs 1965 

monograph reported that rhythmic discharges in the centromedian (CM) and anterior (ANT) 

http://www.neurosurgeryresident.net/
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thalamic nuclei either preceded or paralleled cortical ictal onsets in a significant subset of patients, 

leading them to propose a ósynchronizingô function for these intralaminar nuclei ќ subsequently, 

thalamic DBS emerged as a mechanism to disrupt seizure organization. 

 

 

BRAIN SENSE 

3 sensing configurations possible: 

 
 

¶ epilepsy signature LFP peaks are typically located in 8-12 Hz range (Percept PC can records only 

in 5 Hz wide band) ï look for those recorded (upon patient triggered events) and also during 

programming session. 

¶ turn LFP detection right after battery implantation (POD 0) ï will obtain baseline LFP peaks while 

still off stim. 

 

 

STIMULATION  

Differences from DBS for movement disorders 

1) intermittent (vs. continuous) stimulation ï ñcyclingò 

2) monopolar (referential) mode ï contact is programmed to be a cathode (negatively charged 

electrode) and case as anode* ï to cause depolarization block. 

*patients may feel tingling at battery site (H: switch to bipolar mode) 

 

Movement disorders - turn stim on and see clinical effect. Impossible with epilepsy ï solutions: 

a) SEEG stim is an opportunity, however, may need special EMU hardware and long hours of 

stim to modulate excitability - so SEEG stim may not be enough; plus, SEEG is not very 

precise surgery and SEEG lead may not be in a perfect location (ќ false negative stim results). 

b) Adjusting DBS settings while doing real time scalp EEG. 

 

Mayo Clinic tries both high and low frequency stim for every DBS patient - they both work by 

different mechanisms (high frequency suppresses cortex, low frequency stimulates). 

 

Several contacts on target: 

a) turn on the most centered one 

b) turn on all contacts that are on target 

 

 

 

 
 

 

Phase I (start 2-3 weeks postop) ï increasing output 

Amplitude  ï start at 0.5 mA (old way - 1.5-2.0 V) and increase q2-4 weeks by 0.5 mA (0.5 V) (or 

even longer intervals ï analogy with adjusting AEDs) up to 4 mA (4.5-5.0 V, up to 9.0 V); most 

patients need 2-3 mA. 

- gradual amplitude increase helps to minimize occurrence of psychiatric side effects. 

- keep symmetrical between sides. 

- corresponds to 4-7 mA (some experts recommend current-based programming to mitigate 

impedance effects that maybe very asymmetric). 

Pulse width 90 msec (this is invariable*) 

Frequency 145 Hz (this is invariable*) 

*hardware allows to change it but in studies it did not make any difference 

Duty cycle: 1 min on, 5 mins off. 

Monopolar 

- typically not the deepest contact 

- usually most centrally located contact 

- do not use contacts with low impedances ï electrical current will shunt into CSF (not into 

parenchyma). 

- contacts in thalamus but outside ANT cannot stimulate ANT as white matter capsule creates 

barrier. 

- alternative ï wide bipolar stim (anode most distal). 

N.B. bipolar stimulation is used to limit current spread into surrounding structures. 

 

Phase II ï changing cycling 

Decreasing off time from 5 to 3 min. 

 

N.B. directional stim is available only in monopolar mode. 

Directional stim is most useful to salvage surgical imperfections (e.g. to steer current away from side 

effects). 

 

 

TARGET SELECTION  

http://www.neurosurgeryresident.net/
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Role of thalamic SEEG ï see p. E13 >> 

 

This target selection is based on a general understanding of thalamic connectivity but does not take 

into account potential individual differences in thalamic connectivity (related to the underlying cause 

of that person's epilepsy or because of epilepsy-driven network reorganization): 

 

Region ANT CM Pulvinar MD 

Frontal + +   

motor cortex  + (esp. anterior 

and inferolateral 

ñparvocellularΔ 

subregion of CM) 

  

mesial-anterior +    

cingulate    + 

Insula    + 

Temporal, 

lateral 

  +  

Temporal, 

mesial 

+++ (anterior 

hippocampus) 

 + (esp. medial 

pulvinar ï to 

posterior 

hippocampus) 

 

Limbic system 

(Papez circuit) 

+++   + 

Occipital, 

parietal 

  + (esp. lateral 

pulvinar1) 

 

Basal ganglia  +   

Multilobar  + (esp. dorsal 

CM) 

  

 
1posterior quadrant epilepsy - there are no studies which thalamic target is best, 

but (based on connectivity) LATERAL pulvinar is the best 

 

Seizure type ANT STN CM 

GTC + (?)   

Generalized   + 

Myoclonic  + (also substantia 

nigra pars reticulata, 

zona incerta) 

 

LGS, LGS-like 

with drop attacks 

  + 

 

N.B. for combined seizure types, implant > 1 thalamic targets. 

 

¶ for unilateral epilepsies (ideally, verify with SEEG) ï implant ANT and CM on the same side. 

¶ if early thalamic involvement is demonstrated by SEEG, then choose RNS (otherwise, use DBS 

or RNS with cortical lead for detections [ñcorticothalamicò strategy]). 

 

 

 

 
 

 

 
Piper et al. BRAIN 2022 

 

 

MULTIPLE TARGETS  

¶ start stimulating one nucleus (vs combined - hard to tease out the effect) ï Drs. Cukiert, Gross. 

 

Multisite thalamic stim makes sense! 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%2520Intracranial%2520Electrodes.pdf#Thalamic_SEEG
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Pulvinar + CM: 

 
 

Read: 

 
 

 
 

THALAMIC ATLASES  

BURNING ATLAS STRUCTURES INTO PATIENT SCANS using Lead-DBS + FSL: 

https://www.brainmodulationlab.org/cmburn 

 

 

THOMAS  (THALAMUS OPTIMIZED MULTI ATLAS SEGMENTATION ) 

Jason H Su et al. Thalamus Optimized Multi Atlas Segmentation (THOMAS): fast, fully 

automated segmentation of thalamic nuclei from structural MRI. Neuroimage . 2019 Jul 

1:194:272-282. doi: 10.1016/j.neuroimage. 

 

¶ https://github.com/thalamicseg/thomas_new 

¶ segments thalamus into 12 nuclei. 

http://www.neurosurgeryresident.net/
https://www.brainmodulationlab.org/cmburn
https://github.com/thalamicseg/thomas_new
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¶ THOMAS was rigorously evaluated on 7T MRI data - accuracy was very high, with uniformly 

high Dice indices: at least 0.85 for large nuclei like the pulvinar and mediodorsal nuclei and at least 

0.7 even for small structures such as the habenular, centromedian, and lateral and medial geniculate 

nuclei. Volume similarity indices ranged from 0.82 for the smaller nuclei to 0.97 for the larger 

nuclei. 

¶ THOMAS works well for distorted anatomies (such as LGS). 

¶ segmentation technique based on white-matter-nulled MP-RAGE (WMn MP -RAGE) imaging: 

 

White-matter-nulled MP-RAGE sequence parameters  
1.5T (GE) 3T (GE) 3T (Siemens) 7T (GE) 

TR/TS (ms) 10.4/3000 10/4500 10/4000 10/6000 

TI (ms) 350 500 500 680 

Flip (deg) 10 9 7 4 

Matrix 224×224×124 180×180×200 256×256×160 180×180×200 

Slice thickness (mm) 1.2 1 1.1 1 

Parallel imaging None None 2×1 1.5×1.5 

Scan time (min) 7.5 10 
 

5.5 

Coil 8-channel GE 8-channel GE 24-channel Nova 32-channel Nova 

Tourdias T et al. Visualization of intra-thalamic nuclei with optimized white-matter-nulled 

MPRAGE at 7T. Neuroimage 84, 534ï545. 10.1016/j.neuroimage.2013.08.069 
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HISTORY  

¶ proposed by Upton and colleagues for suppression of epileptiform discharges within the limbic 

system; in 1987, they reported significant seizure control in 4 of 6 patients. 
Upton AR, Cooper IS, Springman M, et al. Suppression of seizures and psychosis of limbic 

system origin by chronic stimulation of anterior nucleus of the thalamus. Int J Neurol 1985;19-

20:223ï30. 

 

 

ANATOMY  

Central node of Papez circuit (close anatomical connectivity between the ANT and mesial limbic 

structures - desirable target for MTLE) 

http://www.neurosurgeryresident.net/
https://community.brain-map.org/t/allen-human-reference-atlas-3d-2020-new/405


 DBS IN EPILEPSY E27 (18) 

 
 

 
 

Fronto-temporal / limbic epilepsies may respond best (as opposed to parieto-occipital epilepsies). 

vs. CM nucleus ï whole cortex; pulvinar ï visual cortex 

Irving Cooper reasoned that due to its location in Papez circuit, ANT could serve as a key location to 

disrupt limbic seizures. 

 

¶ dimensions 4 x 10 x 5.5 mm 

¶ located at the floor of the lateral ventricle 

¶ surrounded by plexus choroideus, thalamostriatal vein, and internal cerebral vein: 

 
¶ located at the anterior-superior-medial aspect of the thalamus and constitutes its anterodorsal 

border. 

¶ partially enveloped (isolated from the rest of thalamus) by a myelin-rich sheath belonging to the 

mammillothalamic tract (MTT) and the internal medullary lamina  

¶ subnuclei (all have distinct patterns of connectivity): anterodorsal, anteroventral, and anteromedial. 

¶ projects to superior frontal and temporal lobe structures commonly involved in seizures. 

¶ inputs from the subiculum, mammillary bodies via mammillothalamic tract, and retrosplenial 

cortex. 

¶ MTT joins ANT at its inferior border slightly anterior to the midpoint of ANT in the anteriorï

posterior axis (this junction is close to the border between anterior principal and anteromedial 

subnucleus according to the SchaltenbrandïWahren atlas). 

 

 
 

http://www.neurosurgeryresident.net/



































































