
 INTRACRANIAL ELECTRODES E13 (1) 

Intracranial Electrodes (icEEG) 
Last updated: August 25, 2026 

  

SEEG VS. GRIDS .......................................................................................................................................... 3 
INDICATIONS  .................................................................................................................................................. 6 

Frequency of use .................................................................................................................................... 8 
5-SENSE score ....................................................................................................................................... 8 

CONTRAINDICATIONS  .................................................................................................................................... 9 
PREOPERATIVE , PERIOPERATIVE  .................................................................................................................. 9 

Counselling ............................................................................................................................................. 9 
EPIDURAL ELECTRODES .............................................................................................................................. 10 
SUBDURAL ELECTRODES ............................................................................................................................. 10 

History .................................................................................................................................................. 10 
ELECTRODES .............................................................................................................................................. 11 

Integra - Auragen system ..................................................................................................................... 11 
DIXI  ..................................................................................................................................................... 11 
Ad-Tech ................................................................................................................................................ 11 
PMT ...................................................................................................................................................... 26 
NeuroOne ............................................................................................................................................. 31 

PROCEDURE ............................................................................................................................................... 32 
Subdural Strip Electrodes ..................................................................................................................... 32 
Subdural Grid Electrodes ..................................................................................................................... 33 

IMPLANTATION STRATEGIES ...................................................................................................................... 40 
L-shaped Interhemispheric Electrodes ................................................................................................. 41 
Frontotemporal subdural strip study .................................................................................................... 41 

INTRAOPERATIVE MAPPING ........................................................................................................................ 42 
COMPLICATIONS ........................................................................................................................................ 42 

Strip electrodes ..................................................................................................................................... 42 
Grid electrodes ..................................................................................................................................... 42 

POSTOP ...................................................................................................................................................... 42 
ELECTRODE REMOVAL  ............................................................................................................................... 43 

DEPTH ELECTRODES ................................................................................................................................... 43 
History .................................................................................................................................................. 43 
Implantation methods ........................................................................................................................... 43 
Surgical kit ........................................................................................................................................... 43 

AD-TECH ................................................................................................................................................... 44 
Bolts ..................................................................................................................................................... 46 
Electrodes ............................................................................................................................................. 48 

PMT (DEPTHALON SYSTEM)...................................................................................................................... 51 
Bolts ..................................................................................................................................................... 51 
Electrodes ............................................................................................................................................. 51 

DIXI  MEDICAL (MICRODEEP SYSTEM) ...................................................................................................... 51 
Cables ................................................................................................................................................... 52 
Drill Bit and Stop ................................................................................................................................. 53 
Bolts ..................................................................................................................................................... 54 
Stylet, Coagulators, Bone starter .......................................................................................................... 55 
Electrodes ............................................................................................................................................. 56 
Thalamic Electrodes - PIXEL .............................................................................................................. 58 

NEUROONE / ZIMMER BIOMET (EVO SYSTEM) .......................................................................................... 59 
Bolts ..................................................................................................................................................... 59 



 INTRACRANIAL ELECTRODES E13 (2) 

Electrodes ............................................................................................................................................. 59 
Accessories ........................................................................................................................................... 61 

INTEGRA (AURAGEN SYSTEM) .................................................................................................................... 62 
STEREOEEG (SEEG) .................................................................................................................................. 62 

HISTORY .................................................................................................................................................... 62 
INDICATIONS .............................................................................................................................................. 63 
IMAGING (PREOP) ....................................................................................................................................... 63 
STRATEGIC ASPECTS OF PLANNING / PHILOSOPHY ...................................................................................... 65 
TYPICAL PATTERNS OF COVERAGE / TRAJECTORIES ................................................................................... 67 

Sphenoidal ............................................................................................................................................ 68 
Foramen ovale ...................................................................................................................................... 70 
Hippocampus, Amygdala, Temporal Lobe .......................................................................................... 71 
Limbic Network ................................................................................................................................... 74 
Insula .................................................................................................................................................... 74 
Frontal Lobe ......................................................................................................................................... 77 
Cingulate .............................................................................................................................................. 79 
Posterior Quadrant ................................................................................................................................ 81 
Brain developmental abnormalities ...................................................................................................... 82 
Thalamus .............................................................................................................................................. 82 

TECHNICAL ASPECTS OF PLANNING ............................................................................................................ 86 
Software ............................................................................................................................................... 86 
Principles .............................................................................................................................................. 86 

PROCEDURE ............................................................................................................................................... 88 
Anesthesia ............................................................................................................................................ 88 
Position ................................................................................................................................................. 88 
Head Fixation, Registration .................................................................................................................. 88 
Procedure using ROSA robot ............................................................................................................... 88 

POSTOP ...................................................................................................................................................... 92 
ELECTRODE REMOVAL  ............................................................................................................................... 92 

SEEG .................................................................................................................................................... 93 
Cell Recovery ....................................................................................................................................... 94 

COMPLICATIONS ........................................................................................................................................ 95 
EMU  ï FOR SURGEON ................................................................................................................................. 98 

Imaging (of electrodes) ........................................................................................................................ 98 
Software ............................................................................................................................................... 98 
EMU stages .......................................................................................................................................... 98 

EMU  ï MEDICATIONS (ASM) ..................................................................................................................... 99 
EMU  ï RECORDING (ECOG S. ICEEG) ...................................................................................................... 99 

INTERICTAL .............................................................................................................................................. 100 
High-frequency oscillations (HFO) .................................................................................................... 100 
Granger causality analysis .................................................................................................................. 101 

ICTAL ....................................................................................................................................................... 101 
Thalamic recordings ........................................................................................................................... 105 

EMU  ï STIMULATION FOR SEIZURE INDUCTION  ..................................................................................... 106 
Thalamic ............................................................................................................................................. 107 

EMU  ï BRAIN MAPPING ........................................................................................................................... 108 
Depth electrode .................................................................................................................................. 108 
Grid electrode ..................................................................................................................................... 108 

ñSEEG - THALAMIC PROTOCOLò............................................................................................................. 111 
SEEG-GUIDED RF-TC (RADIOFREQUENCY THERMOCOAGULATION ) ................................................... 111 

HISTORY .................................................................................................................................................. 111 
INDICATIONS ............................................................................................................................................ 111 



 INTRACRANIAL ELECTRODES E13 (3) 

KEY FEATURES ........................................................................................................................................ 112 
HARDWARE .............................................................................................................................................. 113 

Radionics (Radionics Medical Products, Burlington, MA, U.S.A.) .................................................. 113 
Boston Scientific ................................................................................................................................ 113 
Inomed / DIXI .................................................................................................................................... 113 
OneRFÊ (NeuroOne) ........................................................................................................................ 114 

TARGET SELECTION.................................................................................................................................. 115 
Lesion size .......................................................................................................................................... 116 

PROCEDURE ............................................................................................................................................. 116 
Protocol for lesioning ......................................................................................................................... 116 

POSTPROCEDURE...................................................................................................................................... 119 
SIDE EFFECTS, COMPLICATIONS ............................................................................................................... 121 
OUTCOMES............................................................................................................................................... 121 

Predictors of favorable outcome after RF-TC .................................................................................... 122 
Studies ï Various Focal Epilepsies .................................................................................................... 123 
Studies ï Temporal Lobe Epilepsy .................................................................................................... 129 
Studies ï Malformations of Cortex Development .............................................................................. 130 
Studies ï Hypothalamic Hamartoma .................................................................................................. 132 

  

 

Intracranial EEG (icEEG) may be recorded using: 

1. Subdural electrodes ï contacts embedded in thin Silastic plates arranged in STRIPS or GRIDS 

(strip electrodes and grid electrodes differ only in shape); principal approach (at least used to 

be historically) in North America, the United Kingdom, and Germany. 

2. Depth electrodes s. sEEG (stereoEEG) - multiple-contact WIRES placed stereotactically into 

brain substance; principal approach in France, Italy, and Brazil, and now in North America. 

 

 

SEEG vs. GRIDS 

Tailored to individual patient! 

¶ SEEG and subdural electrodes can be combined. 

¶ SEEG may access any cortical area (incl. mesial, depth of sulci, insula, postoperative, multilobar, 

bilateral) but spatial coverage may be incomplete (i.e., unexplored gray matter areas). 

vs. 2/3-3/4 of cortex is inaccessible to subdural electrodes; however, SEEG has high 

sampling error, esp. in MRI negative cases 

 

Brain surface is 1500-2000 cm2 (Donahue et al. 2018) 

One 8x8-grid covers 50 cm2 å 1.7% of one hemispheric cortex 

One 10-contact depth electrode samples 5 mL å 0.8% of one hemispheric volume 

 

 SEEG Subdural grids 

Superficial 

cortex 

 

Fair (limited coverage) Excellent 

Deep structures, 

sulci 

 

Good Poor 

Philosophical 

target 

Network (epilepsy ï network disease) Node and its borders (epilepsy ï node 

disease) 
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Gray matter 

overall sampling 

Better coverage of gray matter if the 

desired signals are local 

Better coverage of gray matter if the desired 

signals are diffuse 
Daria Nesterovich Anderson et al. Probabilistic comparison of gray and 

white matter coverage between depth and surface intracranial electrodes in 

epilepsy. Sci Rep . 2021 Dec 17;11(1):24155. doi: 10.1038/s41598-021-

03414-5. 

¶ gray matter coverage is highly dependent on chosen radius of influence (RoI): 

2.5 mm RoI - depth electrodes covered more gray matter; surface electrodes 

cover more gray matter at RoI > 4 mm. 

¶ white matter and amygdala-hippocampal coverage is greatest for depth 

electrodes at all RoIs. 

 

Invasiveness Less More 

 

 
 

MRI-negative 

cases 

 

Preferred Less optimal 

Anatomic 

relationships 

 

Can be challenging Straightforward 

Cortical 

mapping 

Fair (requires careful planning, good at 

exploring cortical depths, e.g. 

perisylvian opercula); if need to resect 

near language areas, better do awake 

crani 

 

Good (regular contiguous pattern, surface 

well covered) 

Extensive 

unilateral EZ 

 

 Preferred 

Bilateral 

 

Straightforward Challenging (can use burholes for strips) 

Stereotaxy 

 

Good Poor (displacement, distortion) 

Data 

 

3D 2D 

Seizure capture Earlier May capture only late cortical projection of 

deep EZ 
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Complications 

 

1-5% 5-30% 

Cortical 

violation 

 

Penetrates No violation 

Brain distortion 

 

None Common 

Pneumocephalus 

 

None Common 

CSF leak 

 

Less common More common 

Children, thin 

skull 

 

Need at least 2 mm bone (practically, 

patient needs to be Ó 2-year-old) 

Preferred 

Previous 

craniotomy 

Straightforward (must avoid hardware) Difficult (subdural adhesions) 

Alternative ï epidural peg electrodes can be used; another alternative ï subdural 

electrode can be placed in the epidural space, but unless the dura has been denervated, 

these electrodes cannot be used for stimulation-based mapping. 

 

Adding 

additional 

electrodes 

(during EMU 

stay) 

 

Possible Not practical 

Electrode 

removal 

 

At bedside (but better in OR) Requires OR 

Historic 

preference 

 

France, Italy, Brazil North America, United Kingdom, Germany 

Advent of stereotactic robots made SEEG adopted worldwide 

Implantation 

procedure time: 

total OR time / 

surgical time 

 

322 / 121 minutes 429 / 308 minutes 
Tandon N et al. Analysis of morbidity and outcomes associated with use of 

subdural grids vs stereoelectroencephalography in patients with intractable 

epilepsy. JAMA Neurol. 2019;76(6):672-681. 

 

Blood product 

transfusion rate, 

postop narcotic 

use (pain) 

 

Lower Higher 
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Subsequent 

resection 

Challenging (performed after removal, 

must use stereotaxy) but also gives 

more time for planning 

Straightforward but needs to happen at the 

same procedure with grid removal (reopen 

same craniotomy, use electrodes to guide) 

There is no min or max time when to perform surgery after SEEG is done; SEEG does 

not obligate to surgery (SEEG is more like presurgical evaluation tool ï it is the whole 

advantage as intracranial EEG should be diagnostic tool and not to push to have 

surgery at the end; vs. subdural grids lead to resection almost 100% - it is not fair for 

diagnostic tool to be so pushy!) 

Surgical Therapies Commission of ILAE led by Lara Jehi (2021) ï 2012 

patients (10 hospitals, 7 countries, 3 continents): 

 
 

 

Cases where SEEG is better 

1) widely extensive or multiple lesions where only a small portion may be epileptogenic (e.g. nodular 

heterotopia, tuberous sclerosis) 

2) temporal lobe epilepsy (unclear laterality, potentially neocortical, ñtemporal plusò, etc). 

3) deep targets (thalamus, insula, hypothalamus) 

4) bilateral targets 

5) after previous craniotomy where subdural space may be obliterated by scar tissue 

6) RF ablation 

 

 

Cases where Subdural Grid is better 

1) near / in eloquent area 

2) discrete cortical lesion with unclear extent of epileptogenic zone (e.g. ganglioglioma, cavernous 

angioma, cortical dysplasia) 

3) questionable lesion not clearly distinguishable from normal tissue 

4) young children, whose skull is too thin to hold SEEG bolts 

 

Combination (grid + SEEG) cases ï implant SEEG first then do craniotomy? 

 

 

INDICATIONS  

A. Phase III investigations - when noninvasive phase I studies fail to adequately delineate epileptogenic 

zone - data obtained from noninvasive investigations not sufficiently congruent to propose direct 

surgery (i.e. failure to clearly define the EZ or epileptogenic network): 

¶ Discordant (incoherent) EEG localization and MRI findings!!! 

¶ Localization to particular lobe when imaging has no abnormalities 
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¶ Deep lesions (e.g. hypothalamic hamartoma, periventricular gray heterotopias) 

ð grey heterotopias may indicate that cortex is malformed ï both SEEG and subdural grids 

may be indicated; same applies to cortical dysplasias. 

¶ Temporal lobe epilepsy: 

A) bilaterally independent 

N.B. most bitemporal epilepsies need icEEG (many turn to be unilateral!); 

may consider bilateral RNS for prolonged monitoring! 

B) negative imaging (MRI and PET) 

N.B. PET hypometabolism in mesial structures is enough to diagnose mesial 

temporal epilepsy! 

Dr. McKhann: all MRI-negative TLE patients should have SEEG to have 

modified surgery; only indication for temporal grid - language mapping. 

(Dr. Gonzalez-Martinez: ñI cannot remember last time I implanted temporal 

grid.ò) 

C) to distinguish neocortical from mesial TLE (even in MTS, seizure onsets are not 

confined to hippocampus). 

D) extratemporal lobe-onset seizures with rapid propagation to mesial temporal lobe. 

E) unilateral temporal seizures with red flags - suspected to extend to extratemporal 

areas*  (so called ñtemporal plusò epilepsies): 

1. absence of febrile seizures, atypical history 

2. secondary generalized GCTS 

3. atypical EEG 

4. head trauma, encephalitis 

5. subtle MRI abnormalities outside mesial temporal lobe 

ð otherwise, cases of temporal lobe epilepsy with consistent anatomo-electro-clinical findings 

are usually operated on after noninvasive investigations. 

*insulo-opercular complex, temporo-parieto-occipital 

junction, or to the anterior frontal cortex 

 

¶ sensitive, but provide limited view (record only from electrode area) ï prior noninvasive studies must 

provide enough information to ensure appropriate electrode placement. 

N.B. intracranial EEG is most helpful when hypothesis about location of epileptogenic zone is 

clearly defined on basis of noninvasive data! 

¶ can be used for chronic recordings (up to 1 month). 

¶ intraoperative SEEG/grid sometimes is used but only to complement gold standard extraoperative 

recordings. 

ð intraop US can show where electrodes are in brain parenchyma. 

 

 

B. Select neuromodulation target (esp. thalamic nucleus; thalamic implantation indication is being 

actively investigated!) 
 

SEEG serves as a network-discovery platform that informs both acute resection plans 

and chronic neuromodulation strategies 
 

 

C. Another group of indications (not always related to epilepsy) ï brain mapping in preparation for 

surgery. 

¶ epileptogenic zone in or near eloquent cortex ï indication for cortical mapping (intraoperative or 

preoperative). 

 



 INTRACRANIAL ELECTRODES E13 (8) 

 

D. Epilepsy caused by malformations of cortical development poorly accessible to surgical resection 

for which SEEG-guided ablation (e.g. RF-TC) might represent a palliative therapeutic option. 

 

 

 

FREQUENCY OF USE 

¶ with advent of newer imaging techniques, only 10-50% of surgical candidates require invasive EEG 

(vs. 50-60% 10-20 years ago). 
cortical resections based on invasive EEG data without MRI abnormality Ÿ seizure-free outcome in only 

20% patients 

¶ Joseph R. Smith and Kostas N. Fountas: invasive monitoring is used: 

ð in anterior mesial temporal resections: 47% with normal MRI, 19% with MTS, and 29% with 

foreign tissue. 

ð in extramesial temporal or neocortical (XMT) resections: 88% with normal MRI, 45% with 

foreign tissue lesions. 

¶ USA traditionally has been a subdural grid proponent; now paradigm shifts ï from subdural grids in 

99% of cases to SEEG in 99% of cases (Dr. Ashwini Sharan). 

 

 

5-SENSE SCORE 

ï online calculator >> 
Astner-Rohracher A, Zimmermann G, Avigdor T, et al. Development and Validation of the 5-SENSE 

Score to Predict Focality of the Seizure-Onset Zone as Assessed by 

Stereoelectroencephalography. JAMA Neurol. 2022;79(1):70ï79.  

Can noninvasive presurgical investigation predict focality of seizure-onset zone in SEEG? 

5 variables: 

1) lesion on MRI 

2) extent of ictal discharge 

3) extent of interictal epileptiform discharges 

4) strength of localizing semiology 

5) localizing neuropsychological deficit 

Using optimal mean probability cutoff 37.6 (i.e. score < 37.6 = SEEG is unlikely to identify a focal 

seizure-onset zone): 

Sensitivity 83.3% (95% CI, 72.3-94.1) 

Specificity 76.3% (95% CI, 66.7-85.8) 

 

https://lab-frauscher.github.io/Sense_calc/
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CONTRAINDICATIONS  

¶ mental retardation or uncooperative patient ï will pull leads in EMU. 

¶ skull thickness is a consideration for kids (there are SEEG cases done on 2 yo). 

¶ previous craniotomy might be a contraindication for electrodes over the eloquent cortex due to the risk 

of cortical damage while dissecting adhesions; H: it is not a contraindication for SEEG. 

 

 

 

PREOPERATIVE, PERIOPERATIVE  

¶ antiseizure medications (ASM) - see below >> 

¶ no dexamethasone ï risk of infections (electrode induced brain edema in extreme cases may respond to 

steroids later in EMU). 

¶ no NSAIDs ï risk of bleeding. 

¶ check platelet function if patient is on VVAALLPPRROOIICC  AACCIIDD (better to stop it 14 days prior to icEEG). 

¶ Dr. Jerome Engel does WADA after SEEG ï to make sure damage was not done with SEEG. 

 

 

COUNSELLING  

¶ review medications that increase bleeding risk. 

¶ review possible complications ï hematoma, infection, retained electrodes. 
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¶ review possibility of lengthy studies that require them to be confined to a single room for, in rare 

instances, weeks at a time. 

o epileptologists will wean antiseizure medications and use other provocations (sleep 

deprivation, photic stimulation, hyperventilation, dialing down VNS output). 

o possibility that patient would not have seizures in the prescribed time period ï we will use 

stimulation to evoke seizures. 

¶ intracranial electrodes and head dressing can be heavy and difficult to tolerate for some patients. 

¶ transtemporal electrodes will cause soreness when chewing ï can use soft diet. 

 

 

 

EPIDURAL ELECTRODES  

¶ in comparison to scalp EEGs, epidural recordings have improved signal-to-noise ratio (due to reduced 

volume conduction and amplitude attenuation + eliminated myogenic and kinesigenic scalp artifacts). 

¶ semi-invasive nature = fewer infectious and hemorrhagic complications. 

¶ epidural electrode designs: 

a) ball electrodes 

b) screws - made of titanium and has a shaft to prevent overpenetration; length varies to 

allow stable placement and to accommodate the varying thickness of the scalp and 

calvaria; screw head is hexagonal to permit easy placement and removal of the electrodes 

with a wrench; right-angled EEG monitoring leads can be placed in the screw head. 

c) pegs - composed of mushroom-shaped Silastic elastomer, and the stalk tapers from a 

diameter of 4.7 mm to a diameter of 0.5 mm; at the stalk base, either stainless steel or 

platinum tips are used to conduct the electrical current. 

d) strip  arrays 

 

 

SUBDURAL ELECTRODES 

¶ contacts embedded in thin Silastic plates arranged in STRIPS or GRIDS (strip electrodes and grid 

electrodes differ only in shape);  

ï placed through burr holes (strips) or craniotomy (grids). 

ï contact cortical surface directly. 

ï some surgeons implant in epidural space (e.g. the patient with prior craniotomy - scaring 

may obliterate subdural space, esp. over eloquent cortex). 

ï allows recording and cortical mapping. 

ï cortex within depth of sulcus is not sampled adequately! 

¶ STRIPS allow smaller craniotomies to be made and should be used generously over the convexities and 

sylvian fissure. 

¶ high-density (5 mm between contacts) grids are indicated only for peri-Rolandic epilepsy. 

¶ contacts come in both platinum  and stainless steel; 

o stainless steel is not the preferred material due to inferior MRI compatibility and less favorable 

electrochemical characteristics for chronic neural stimulation. 

 

HISTORY  

¶ developed about the same time as SEEG. 

¶ Northfield (ñplate electrodesò in 1968). 

¶ strips popularized in 1980s (Wyler, 1986 in JNS); grids widespread after this. 
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ELECTRODES 

INTEGRA - AURAGEN SYSTEM 

No longer in intracranial EEG business since 2020 

Old catalog >> 

 

DIXI  

Does not manufacture grids! 

 

AD-TECH 

http://adtechmedical.com/ 

Ad-Tech Medical Instrument Corporation, Racine, WI, USA 

Catalog >> 

 

 
 

¶ intended for temporary (< 30 days) use with recording, monitoring and stimulation equipment. 

¶ Ad-Techôs products are natural rubber latex-free. 

 

 

 

Characteristics 
¶ composed of the same contact and insulating materials as depth electrodes. 

¶ platinum based disk-shaped electrodes on a silicone based sheet (Silastic) that easily conforms to brain 

surface. 

ð large contacts and Silastic insulation minimize dural pain upon cortical 

stimulation. 

ð platinum (vs. stainless steel) allows safe postop MRI. 

¶ distance between contact centers 10 mm. 

¶ contact diameter 4 mm, exposed contact diameter 2.3 mm. 

¶ tails are 1.5 mm diameter 

 

 

Strips 
Catalog >> 

 

paddle width - 8 mm 

paddle length: 32 mm (2 contacts ï only LTM) 

52 mm (4 contacts) 

72-74 mm (6 contacts) 

92 mm (8 contacts) 

112 mm (10 contacts ï only LTM) 

../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Integra/Integra%20-%20Auragen%20electrodes.pdf
http://adtechmedical.com/
../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/Ad-Tech%20electrodes.pdf
../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/Ad-Tech%20electrodes.pdf
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132 mm (12 contacts ï only LTM) 

 

II OOMM   ((iinnttrr aa--ooppeerr aatt iivvee  mmoonnii ttoorr iinngg))  ssttrr iipp ï contacts numbered; only 4 or 6 or 8 contacts 

 

 

 

 
 

 

Cable-attached with 3D style contacts (5 mm exposure): 
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Clover-leaf IOM electrode 

¶ shape stabilizes the electrode contact on the brain. 

¶ stainless steel numbered 3D style contacts (5.0 mm exposure). 
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LL TTMM   ((lloonngg--tteerr mm  mmoonnii ttoorr iinngg))  ssttrr iipp ï contacts non-numbered (#1 contact is most distal) with reinforcement; 

¶ has 2 contact version (32 mm paddle) 

¶ 4 contact version has 15 mm spacing between contacts (67 mm paddle length) 

 



 INTRACRANIAL ELECTRODES E13 (15) 

 
 

 

 

 

LL TTMM   nnaarr rr ooww--bbooddyy  ssttrr iipp ï paddle width 6 mm, exposed contact diameter 1.8 mm, only platinum , only 

4 or 6 or 8 contacts (paddle length same as regular version): 
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LL TTMM   ññ33DDòò  ssttrr iipp ï contacts numbered; paddle width 10 mm (2 mm wider than regular version), exposed 

contact diameter 5.0 mm, only platinum , only 4 or 6 or 8 contacts (paddle 2 mm longer than regular 

version) 

 

 
 

 

 

 
 

 

LL TTMM   ññLLòò  sshhaappeedd  ssttrr iipp ï only 8 contacts, straight or curved paddle: 
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Reversed: 

  
 

 

 

LL TTMM   ññTTòò  sshhaappeedd  ssttrr iipp ï only 8 contacts, straight paddle: 
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LL TTMM   mmuull tt ii --ssttrr iipp 

 
 

 

 

DDuuaall --ssiiddeedd  iinntteerr hheemmiisspphheerr iicc  LL TTMM   ssuubbdduurr aall   eelleeccttrr ooddeess  
Mirror-imaged contacts on both sides of the electrode: 
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Grounding electrode 
Catalog:  NS02R-KS10X-000 >> 

http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/Ad-Tech%20ground%20electrode.pdf
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Grids 
Catalog >> 

 

¶ single tail options available (used with the single-tail passing needles - reduces the number of tunnels) 

N.B. single tail grids have platinum marker in different location. 

 

 

Catalog: FG08A -SP10X-000 
 

 
 

 

 

Catalog : FG16A-SP10X-000, FG16A-SS10X-000 
 

 
 

 

 

Catalog: FG16C -SP10X-000 

../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/Ad-Tech%20electrodes.pdf
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Catalog #: FG20C -SP10X-000 - $916.00  

 
 

 

 

 
 

 

Catalog #: FG32C-SP10X-000  &  FG32C-SS10X-000 
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55--mmmm  ssppaacciinngg  ((88xx88))  

Catalog: FG64C -SP05X-000 & FG64C-SS05X-000 

 
 
Catalog : FG64C-SP05X-0CB >> 

 

 
 

http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/FG64C-SP05X-0CB.pdf
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3355--ccoonnttaacctt   tteemmppoorr aall   lloobbee  ggrr iiddss  

¶ designed for the temporal and sub-temporal cortex. 

 

Right temporal lobe: 

Catalog #: FG35D-SP10X-Z00 - $1,190.00 

 
 

 

Left temporal lobe: 

Catalog #: FG35E-SP10X-Z00 - $1,190.00 

 

 
 

 

SSppll ii tt   ggrr iidd  
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CCoonnttoouurr eedd  sshhaappee  ((ssccaall llooppss  &&   ssll ii ttss))  

¶ more flexibility to conform to the brain (contact Ad-Tech to inquire if your preferred grid can also be 

contoured). 

¶ numbered, platinum contacts, 4.0 mm diameter with a 2.3 mm exposure. 

¶ 10 mm contact spacing is standard; additional spacing options available. 

 

4-tail:  

Catalog #: FG64C -SP10X-0C6 - $1,439.00  

 

 
 

 

Single-tail:  
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Perpendicular tail - smaller craniotomy (tails also positioned closer together): 

Catalog #: FG64C -SP10X-020 - $1,584.00  

 
 

 
 

 

PMT 

Catalog >> 

../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/PMT/PMT%20Electrode%20Catalog.pdf
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NEUROONE 

Evo cortical electrode (FDA cleared on 9/9/2021) - high-definition, minimally invasive, flexible thin-film 

electrodes, single flexible tail 
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¶ fully automated manufacturing method called photolithography 

 

 
 

 

PROCEDURE 

SUBDURAL STRIP ELECTRODES  

¶ prefer neuronavigation to precisely place over anatomic area. 

¶ standard-sized burr hole at desired location (e.g. temporal [for temporal lobes], pterional [for frontal 

lobes], parasagittal [for medial surface of hemispheres]) 

¶ dura opened with cruciate incision. 

¶ do not use foreign bodies (bone wax or Gelfoam) with electrodes - risk of infection if left in place. 
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¶ mannitol, hyperventilation are unnecessary.  

¶ keep electrodes covered until insertion when they are rinsed in irrigation solution. 

¶ #3 Penfield dissector is used to depress cortex and guide electrode into subdural space and along its 

proper trajectory (e.g. inferiorly and anteriorly around temporal tip; second strip may be passed 

inferiorly and posteriorly toward uncus). 

¶ dura is not closed. 

¶ electrode wires are tunneled with large-bore needle to exit skin 2-3 centimeters from burr hole 

incision. 

¶ cable-retaining scalp suture is discouraged because this increases risk of breaking electrode cable 

subcutaneously if pulled violently during seizure. 

¶ wound is closed in layers with PDS sutures in deep fascia & subcutaneous layer, staples in skin. 

¶ consider BioPatch around wires at exit sites. 

¶ wound is dressed with Telfa and covered by Selofix. 

¶ ABD dressing is placed over wounds, and head is wrapped with Kerlix. 

 

 

SUBDURAL GRID ELECTRODES  

¶ prefer neuronavigation to precisely place over anatomic area. 

¶ performed under general anesthesia, unless language or sensorimotor stimulation mapping is required 

as part of implantation procedure. 

o hyperventilation is discouraged unless absolutely necessary; MMAANNNNIITTOOLL must be given. 

o avoid DDEEXXAAMMEETTHHAASSOONNEE if leaving leads outside. 

o give VVAANNCCOOMMYYCCIINN + CCEEFFTTRRIIAAXXOONNEE (continue while grid is implanted). 

¶ U shape scalp incision is the best ï incision does not overlay over craniotomy line, no scalp retraction 

is needed. 

¶ develop large pericranial flap (direction ï to separate skin incision from craniotomy line; also to 

cover dura if doing two stage procedure (pericranial flap is the best [vs. allogeneic collagen matrix] to 

avoid brain irritation swelling and minimize infection risk [vascularized native tissue]). 

¶ most grids contain 32-64 contacts and require craniotomy. 

o craniotomy is centered over suspected epileptogenic focus and should be large enough 

(definitely bone window larger than a grid ï if need to resect, avoids need to enlarge bone flap) 

to sufficiently sample surrounding brain; place lots of bur holes (e.g. 4 for small temporal 

craniotomy) ï to separate dura along all perimeter to minimize cortical bruising; in younger 

patients, one small bur hole is enough. 

e.g. (sub)temporal craniotomy* most importantly should be low enough to reach middle 

fossa floor; if entered pneumatized bone cells ï just wax it; temporal skin incision - L 

shape starting at zygoma, extending up and then curving posteriorly just above the pinna 

(Dr. Holloway does not pin patient unless planning navigation to find lesion or place depth 

electrode during the same operation). 

*see also p. Op300 >>; for incision ï see p. E15 >> 

¶ dura is opened; careful microdissection of dura from cortex if patient had previous craniotomy! 

(previous craniotomy might be a contraindication for electrodes over the eloquent cortex due to the 

risk of damage while dissecting adhesions; H: SEEG); Dr. Spencer denervates dura to minimize 

postoperative headaches. 

¶ place silk string over anatomy and take a photo (helps when analyzing grid pictures side by side): 

 

Silk string over suspect FCD in sensory cortex: 

http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%20Craniotomies.pdf#SUBTEMPORAL_CRANIOTOMY
E15.%20Temporal%20Lobectomy.pdf#Incision
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Source of picture: Viktoras Palys, MD >> 

 

¶ electrode grid is positioned, edges slightly under the intact dura and secured to dural edge with 4-0 

silk! 

Á for subtemporal position, first inspect the space by gently retracting temporal lobe ï make 

sure there are no bridging vessels!; slide grid into position while squirting saline between 

grid and brain (to hydroplane); if slightest resistance ï stop and explore! 

 

Always take photo and mark orientation: 

mailto:vpalys@uams.edu
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Source of picture: Viktoras Palys, MD >> 

 

mailto:vpalys@uams.edu
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¶ use two grounding needle electrodes into muscle; then connect grid electrode to the cable and pass it to 

neurology team. 

¶ place heavy lap pad soaked in saline on the grid. 

¶ recording confirms good contact (make sure nobody touches the patient). 

Á if grid buckles or does not fit space, contacts may be cut off or Silastic between electrode 

rows can be sliced to modify contour. 

Á several strip electrodes may be added to sample cortex from surrounding areas, such as 

interhemispheric fissure or basal temporal lobe (subtemporal) or Sylvian fissure or 

subfrontal. 

¶ leads are brought out through dural incision without depressing grid into cortex. 

Á each lead is tunneled separately through skin (use 14G Angiocath) for several centimeters 

without traversing craniotomy wound. 

N.B. tunnel under temporalis muscle (otherwise, wire will interfere with 

muscle closure) 

Á leads are secured to scalp with purse string monofilament sutures and tying around lead in 

Roman sandal fashion Ÿ Dermabond on top. 

Á consider BioPatch around wires at exit sites. 

 

 
Source of picture: Viktoras Palys, MD >> 

 

mailto:vpalys@uams.edu
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Source of picture: Viktoras Palys, MD >> 

 

¶ dura is closed as watertight as possible and flip pericranial flap over; 

Á less desirable - place patch (DuraGen) if defect remains and reinforce with DuraSeal. 

 

Pericranial flap (left side of picture) is ready to be stretched over dure: 

mailto:vpalys@uams.edu
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Source of picture: Viktoras Palys, MD >> 

 

¶ strip ground epidural electrode is placed inversely, i.e. contacts facing bone. 

¶ bone flap is secured into place, and scalp is closed in layers using 2-0 PDS interrupted for galea and 

staples for skin (staples are easy to remove during second stage). Dr. Spencer does not replace bone (or 

replaces it without reattachment). 

 

Bone flap is replaced in expansile fashion (to accommodate grid mass effect and anticipated brain 

swelling) ï with rectangular cranial plates bent in Z fashion: 

mailto:vpalys@uams.edu
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Source of picture: Viktoras Palys, MD >> 

 

mailto:vpalys@uams.edu
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Source of picture: Viktoras Palys, MD >> 

 

¶ place long 1 or 2 Prolene stitch through scalp (away from incision) and place air knot  with long 

loose ends ï will help secure leads in place during recording. 

N.B. secure lead tails in pigtail fashion on the scalp ï prevents pulling during violent 

seizures or noncooperative patients. 

¶ standard head dressing is applied (leads exit at top of head dressing). 

¶ head is wrapped in a bulky dressing with a chin strap to prevent dislodgement of the electrodes during 

seizures and the electrodes exiting from one or two sites. 

 

 

 

IMPLANTATION STRATEGIES  

¶ regional venous anatomy may dictate the use of custom-cut grids or subdural strips to avoid 

sacrificing a critical vein (e.g. location of vein of Labbé may make grid placement difficult). 

mailto:vpalys@uams.edu
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L-SHAPED INTERHEMISPHERIC ELECTRODES 

¶ special type for recording from medial surface of hemispheres - for monitoring of the supplementary 

motor area and cingulate. 

¶ interhemispheric fissure is entered where the veins permit, and both strips are placed, one directed 

anteriorly and the other posteriorly. 

¶ frequently, both sides can be accessed from a unilateral approach by making an opening in the falx 

between the superior and inferior sagittal sinuses. 

 

 
 

 

FRONTOTEMPORAL SUBDURAL STRIP STUDY  

¶ frequently used bilaterally as a survey study for patients with poorly lateralized frontotemporal 

semiology. 
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INTRAOPERATIVE MAPPING  

- see p. Op300 >> 

 

 

 

COMPLICATIONS  

STRIP ELECTRODES  

¶ morbidity is low and primarily is infection (overall rate å 0.85%). 

¶ other reported complications: accidental extraction of electrodes, cortical contusion.  

 

GRID ELECTRODES  

¶ most common complication is infection. 

Dr. Spencer switched to placing titanium mesh instead of putting native bone back after subdural 

electrode implantation (if patient comes for resection, replace the bone or leave titanium mesh) 

¶ second most common problem is mass effect from cerebral edema (most common in children, where 

subdural space is minimal) - grid should be removed immediately. 

¶ subdural hematoma from damage to bridging vein during implantation (EEG shows attenuation and 

becomes useless).  

 

 

 

POSTOP 

- see below >> 

 

 

../Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%20Craniotomies.pdf#Awake_crani
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ELECTRODE REMOVAL  

¶ once sufficient data are obtained, grid must be removed. 

¶ if resective surgery is planned, grid's relationship to underlying cortex must remain unchanged while 

reopening craniotomy. 

Dr. Spencer sometimes postpones large resections for 4-6 weeks to avoid retraction on 

mildly edematous brain immediately after grid removal. 

¶ scalp (including electrode leads) is washed with Betadine for 5 minutes. 

¶ electrode leads are stretched slightly and cut with heavy scissors as close to skin edge as possible - cut 

ends are allowed to retract back below skin surface to minimize contamination. 

¶ scalp again is washed with Betadine. 

¶ bone flap is removed and placed in bowl of antibiotic irrigation solution. 

¶ dura is opened, leaving grid-stabilizing sutures intact to ensure that relationships between electrode 

and cortical topography are undisturbed. 

Also useful to take intra-operative photo during grid implantation surgery! 

¶ once surgeon has extrapolated mapped data to underlying cortex, grid is removed and discarded Ÿ 

appropriate resection is completed.  

 

 

 

DEPTH ELECTRODES 

¶ multiple-contact WIRES placed stereotactically. 

ï sample deep structures (such as hippocampus and amygdala); can also be used to record 

activity from the neocortex through which electrodes pass, though the sampling area is 

quite limited. 

 

HISTORY  

¶ Russ Meyers describes (1949) use of depth electrodes for epilepsy monitoring. 

¶ popularized by Talairach in 1950-60s. 

 

IMPLANTATION METHODS  

A. Guiding (anchoring) bolt is inserted into the skull stereotactically, then it serves as sole guide for 

electrode ï most common surgical strategy for SEEG. 

B. For single electrodes, may use other implantation methods (impractical for SEEG) - electrodes may 

enter through the holes / slits in grid electrode (if one is placed). 

a) use navigation of electrode itself (e.g. AxiEM ï stylet goes through the lumen of electrode) 

b) use slotted cannula 

 

 

SURGICAL KIT  

Bolt with cap  

ð there are special bolts that can be used for laser guidance (for LITT after SEEG electrode is 

removed ï but that is dangerous as brain immediately after SEEG is friable). 

Drill bit  

Bolt screwdriver  

Obturator / guiding probe ï to create path in parenchyma 

Cannula (slotted) - used for depth electrode implantation when not using skull bolt (e.g. if  

implanting after craniotomy is done). 
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Ruler for electrode implantation depth adjustment 

Electrode (some have removable stylet): 

¶ electrodes are flexible (old ones were rigid). 

¶ 0.8ï1.5 mm in diameter, arrays of 4ï18 individual contacts with spacing 1*ï10 mm between the 

center of each contact. 

*thalamic electrodes 

¶ material - platinum, though stainless steel, nickel-chromium and gold have all been used; silver and 

copper are toxic to brain tissue. 

¶ outer casing is usually polyurethane which houses the individual wires for each contact. 

¶ electrodes can also be configured to allow for the performance of microdialysis (for research 

applications). 

 

 

 

AD-TECH 

¶ contacts are made of MRI compatible platinum. 

¶ contact wires are made of platinum, and are individually insulated with Teflon; outer insulation of the 

electrode shaft is polyurethane impregnated with barium. 

¶ lead securing cap snugs on the bolt. 

 

 

KK ii tt   ffoorr   RROOSSAA  rr oobboott::   

 
ROSA adaptors ï see p. Op40 >> 

 

 

Slotted cannulas 

 

2-piece slotted Cannula with obturator Length Price 

2SCK1-190X 190 mm $ 1042 

2SCK1-240X 240 mm $ 1042 

 

../Op.%20Operative%20Techniques/030.%20Neuronavigation/Op40.%20Robotic%20assistance.pdf
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Passing needle 

 Length Price 

APNK1-3.5X 3.5 in $ 96 ($ 482 box of 5) 
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BOLTS 

titanium body (MRI friendly). 

obturator ï to create hole in the dura. 

 

Bolt Lengths: 

main bolt - 13 mm ñbelow skin portionò (includes threaded portion 10 mm) + 10 mm cap portion 

temporal bolt - 21 mm ñbelow skin portionò (includes threaded portion 10 mm) + 10 mm cap portion 

 

External Bolt Diameter: 2.5 mm (use 2.4 mm drill bit, 2.45 mm ROSA drill bit adapter) 

 

 

Internal Bolt Diameter :  

LSBK1: 1.5 mm  

LSBK2: 0.99 mm  

 

Anchor Bolt Metal Cap:  

Diameter: 6 mm  

Length: 8 mm  

 

Silicone Gasket:  

Diameter: 6.5 mm  

Length: 8.9 mm 
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ELECTRODES 

Catalog >> 

 

N.B. there is 2 mm plastic piece at the tip (i.e. distal most contact starts 2 mm proximal) ï plan surgical 

stereotactic target 2 mm deeper! 

  

SSppeenncceerr ®®  ddeepptthh  pprr oobbee  
 

 
 

contact spacing measured from center of contact to center of contact. 

numbered and color-coded for identification. 

19 cm marker. 

stay flange for additional security. 

 

 

1.12 mm diameter (SD style) 

2.41 mm contact size: 

 
 

# of contacts Contact spacing Recording area Catalog # Price 

4 contact 5 mm 17 mm SD04R-SP05X-000  

4 contact 10 mm 32 mm SD04R-SP10X-000  

6 contact 5 mm 27 mm SD06R-SP05X-000  

6 contact 10 mm 52 mm SD06R-SP10X-000  

8 contact 5 mm 37 mm SD08R-SP05X-000 $ 343 

8 contact 10 mm 72 mm SD08R-SP10X-000  

10 contact 5 mm 47 mm SD10R-SP05X-000  

10 contact 10 mm 92 mm SD10R-SP10X-000  

12 contact 5 mm 57 mm SD12R-SP05X-000  

14 contact 5 mm 67 mm SD14R-SP05X-000  

 

1.32 mm contact size: 

# of contacts Contact spacing Recording area Catalog # 

4 contact 2.2 mm 8 mm SD04R-AP58X-000 

6 contact 2.2 mm 12 mm SD06R-AP58X-000 

../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Ad-Tech/Ad-Tech%20electrodes.pdf
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8 contact 2.2 mm 17 mm SD08R-AP58X-000 

 

 

 

1.96 mm diameter (AD style) ï used with SSTTEERREEOOTTAACCTTIICC  DDEEVVIICCEESS 

1.27 mm contact size: 

# of contacts Contact spacing Recording area Catalog # 

4 contact 5 mm 16 mm AD04R-SP10X-000 

4 contact 10 mm 31 mm AD04R-SP05X-000 

6 contact 5 mm 26 mm AD06R-SP05X-000 

8 contact 5 mm 36 mm AD08R-SP05X-000 

 

 

 

ssEEEEGG  ddeepptthh    

0.86 mm diameter (RD style) ï has stylet, used with SSTTEERREEOOTTAACCTTIICC  DDEEVVIICCEESS 

2.29 mm contact size: 

# of contacts Contact spacing Recording area Catalog # 

6 contact 5 mm 27 mm RD06R-SP05X-000 

8 contact 4 mm 30 mm RD08R-SP04X-000 

8 contact 5 mm 37 mm RD08R-SP05X-000 

10 contact 3 mm 29 mm RD10R-SP03X-000 

10 contact 4 mm 38 mm RD10R-SP04X-000 

10 contact 5 mm 47 mm RD10R-SP05X-000 

10 contact 6 mm 56 mm RD10R-SP06X-000 

10 contact 7 mm 65 mm RD10R-SP07X-000 

10 contact 8 mm 74 mm RD10R-SP08X-000 

Special order - contact Ad-Tech for availability. 

 

 

 

BBeehhnnkkee  ffrr iieedd  ddeepptthh  eelleeccttrr ooddeess  

¶ for simultaneous macro and micro recordings. 

¶ 1.28 mm diameter. 

¶ 8-contact macro recording outer body. 

¶ 8 or 9-contact micro recording bundle. 

¶ contact 1 starts 1.0 mm +/- 0.5 mm from body tip. 
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8-contact macro depth electrode: 

 
 

9-contact micro-wire bundle: 

(8 recording & 1 reference contact); ends in ñstandardò pigtail. 

 
 

 

 

MM aaccrr oo--MM iiccrr oo  DDeepptthh  EElleeccttrr ooddeess  ((MM MM   ssttyyllee))  

¶ one-piece design. 

¶ for simultaneous macro and micro recordings. 

¶ 1.3 mm diameter. 

¶ 80% platinum , 20% iridium  HML insulator. 

¶ 50.8 platinum  micron wire. 

¶ allow 6-8 weeks for delivery (made to order). 
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PMT (DEPTHALON SYSTEM)  

Catalog >> 

 

 

BOLTS 

¶ 2.1 and 2.4 mm 

¶ titanium cranial bolt goes through the same ROSA guiding tube as the drill. 

¶ total bolt length (includes 5 mm thread into bone, 5-6 mm thread for cap, and the rest for scalp): 

20 mm (for scalp Ò 9 mm) 

25 mm (for scalp 10-14 mm) 

30 mm (for scalp 15-19 mm) 

35 mm (for scalp 20-24 mm) 

 

 

ELECTRODES 

¶ diameter: 

a) newest electrodes - 0.88 mm (can be used with either 2.1 or 2.4 mm bolt) 

b) classical electrodes 

¶ lead securing cap comes assembled on electrode lead and screws on the bolt. 

cap length 10 mm, thickness of wall (i.e. above tip of bolt) ï 3 mm 

 

 

 
 

 

DIXI Medical (MICRODEEP SYSTEM) 

See brochures: 

implantables and accessories >> 

accessories >> 

 

 

¶ electrodes made in France since 1975. 

¶ FDA clearance in 2017. 

¶ kit includes special ruler that includes 5 mm for bolt cap: 

 

http://www.neurosurgeryresident.net/Op.%2520Operative%2520Techniques/00.%2520Catalogs,%2520Brochures,%2520Manuals/PMT/PMT%2520Electrode%2520Catalog.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/DIXI/DIXI%20Product%20Catalog%20PCV-4%2006.15.2020.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/DIXI/DIXI%20Medical%20-%20Microdeep%20accessories.pdf
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CABLES 

¶ reusable (autoclavable) 

¶ length of cable available: 120 and 180 cm 

¶ multiple sized cables for all of the different sized contacts (5, 8, 10, 12, 15 and 18). 

¶ unique 18 contact cable with Touch Proof (DIN 42 802) connectors ï same connector no matter how 

many contacts (no need to have many different cables ï one cable in OR; not recommended in EMU 

ï lots of unused connectors dangle): 
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DRILL BIT AND STOP 
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BOLTS 

¶ titanium 

¶ diameter 2.45 mm ï recommended 2.5 mm ROSA adaptor for a drill and bolt placement (but 2.45 mm 

adaptor works fine). 

¶ four lengths (20-35 mm): 

 
 

¶ recommendation based on scalp thickness: 

 
 

¶ self-tapping tip allowing a direct fixing into a hole ø 2.1 mm 

 

 
 

¶ driver for bolt: 

 

 
 

¶ cap for bolt: 
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¶ bolt removal tools: 

 
 

 

 

 

 

STYLET , COAGULATORS , BONE STARTER 

Bone starter ï creates skin puncture and skull divot before drilling (very useful tool; reusable): 

 
 

Skin coagulator (practically not needed; single use): 
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Dura coagulator (very useful tool; single use): 

 
 

 

Stylet s. obturator / guiding probe (single use)- to create path in parenchyma: 

 

 
 

 

 

 

ELECTRODES 

 
¶ diameter: 0.8 mm 

¶ polished ï less trauma to brain tissue, do not catch on bolt edge. 

¶ platinum / iridium 5-18 contacts (recording area 16-80.5 mm). 

¶ semi rigid (built-in non-removable stylet). 

¶ total length: 90 cm  

¶ writable label for custom identification 

¶ contact length 2 mm, insulation length 1.5 mm Ÿ distance between centers of two contacts is 3.5 mm 

 


























































































































































