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GENERAL ASPECTS 

SURGICAL ANATOMY  OF CRANIUM  
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1 Rolandic line/central sulcus (green line) 

2 pre-auricular/ mandibular condylar line orientated perpendicular to the infra-orbitomeatal line 

3 frontozygomatic/Sylvian line passing from the frontozygomatic suture [lateral canthus] (16) to a point 75% 

of the way along the nasionïinion midsagittal line 

4 lateral sulcus/Sylvian fissure (red line) 

5 nasionïinion midsagittal line 

6 lateral sulcus/Sylvian fissure alternative location (blue line): aligns anteriorly with the anterior part of the 

squamosal suture in a zone 2.5ï4.0 cm anterior to the external acoustic meatus 

7 line from the superior Rolandic point (green dot) to the midpoint of the zygomatic arch (15, blue dot) 

8 Reidôs baseline/Frankfurt plane 

9 infra-orbitomeatal line 

10 (green dot), superior Rolandic point 1-2 cm posterior to the midpoint of the nasionïinion line (at the 53ï

55% point of the nasionïinion line) / 4-5 cm behind coronal suture 

11 (yellow dot), inferior Rolandic point  (5 cm above root of zygoma) 

12 (orange dot), porion 

13 (black dot), orbitale 

14 (red dot), auricular point 

15 (blue dot), midpoint of zygomatic arch 

16 (pink dot), frontozygomatic suture 

17 (purple dot), superior extent of the parieto-occipital sulcus 

http://www.neurosurgeryresident.net/
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Drake RL, Vogl AW, Mitchell A, Tibbitts R, Richardson P (eds), Grayôs Atlas of Anatomy. 

Sylvian point ï skull point on nearest the Sylvian fissure and is located about 30 mm behind zygomatic 

process of frontal bone 

 

 
1 Rolandic line/central sulcus (green line) 

2 pre-auricular/mandibular condylar line orientated perpendicular to the infra-orbitomeatal line 

3 frontozygomatic/Sylvian line passing from the frontozygomatic suture (8) to a point 75% of the way along the 

nasionïinion midsagittal line 

4 lateral sulcus/Sylvian fissure (red line) 

5 nasionïinion midsagittal line 

6 (green dot), superior Rolandic point 1-2 cm posterior to the midpoint of the nasionïinion line (at the 53ï55% 

point of the nasionïinion line) 

7 (yellow dot), inferior Rolandic point 

8 (pink dot), frontozygomatic suture 

9 (purple dot), superior extent of the parieto-occipital sulcus. 

 
Drake RL, Vogl AW, Mitchell A, Tibbitts R, Richardson P (eds), Grayôs Atlas of Anatomy. 

 
1 bregma (site of infant anterior fontanelle) 

2 superior sagittal sinus: commonly deviates to the right of the sagittal suture by up to 11 mm (black arrows) 

3 sagittal suture: sits on the nasionïinion midsagittal line 

4 coronal suture 

5 lambda (site of infant posterior fontanelle) 

6 inion: normally sits below and left of the confluence of sinuses and below the level of the internal occipital 

protuberance 

7 lambdoid suture 

8 asterion (site of infant posterolateral mastoid fontanelle): sits over (in 81%), just below (in 15%) or just 

above (in 4%) the transverseïsigmoid sinus junction 

9 transverse sinus: variable course makes accurate surface localization difficult 

http://www.neurosurgeryresident.net/
https://en.wikipedia.org/wiki/Sylvian_fissure


 CRANIOTOMIE S Op300 (5) 

10 pterion (site of infant anterolateral sphenoidal fontanelle).

 
Tunstall R, Shah N; Surface Anatomy (Pocket Tutor series) 

 

 

FRONTALIS BRANCHES OF CN7 

Line between tragus and lateral canthus; frontalis branches are in front of midpoint of this line (ñno 

goò zone ï red): 

 
¶ CN7 frontalis branch(es) are located in the superficial fascia of the fat pad, not within the fat pad 

- two techniques for reflecting the fat pad 

 

A. Interfascial technique: superficial temporal fascia is reflected anteriorly along with the fat pad 

via dissection underneath the fat pad but superficial to the deep temporal fascia. 

B. Subfascial technique (safer): superficial temporal fascia + fat pad + deep temporal fascia 

reflected anteriorly all as one layer. 

http://www.neurosurgeryresident.net/
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ASTERION 

ï sigmoid-transverse sinus junction most commonly (but not always) hugs it anteriorly-superiorly (so 

it is safe to drill here if targeting venous sinus angle) ï on the line from root of zygoma to inion where 

it is intersected with vertical line just behind mastoid process. 

 

asterion (junction of the lambdoid, occipitomastoid and parietomastoid sutures) sits over sigmoid-

transverse sinus junction in 81% of subjects, inferior to it in 15% and superior to it in 4%* 

*be careful when drilling bur hole! 

 

A) 1 cm above and 4 cm posterior to external auditory canal (Dr. Graham) 

B) Intersection of: 

vertical line through mastoid groove 

line from inion-to-root of zygoma  

http://www.neurosurgeryresident.net/
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OCCIPITO -MASTOID  SUTURE 

(extends down from asterion) ï posterior edge of sigmoid sinus is 1 cm anterior from it. 

 

 

TORCULAR  

- see p. A207 >> 

 

TRANSVERSE SINUS 

- see p. A207 >> 

 

 

JUGULAR FORAMEN  

ï nerves occupy central portion of it; jugular vein is posterior. 

 

 

CENTRAL SULCUS 

a) midline point at the 50% nasion-inion line; location of the central sulcus is approximately 2 cm 

behind this 50% point 

b) 3.5-4.5 cm behind the coronal suture. 

 

central lobule = sensorimotor cortices 

Left image: central sulcus (red arrow) is second, more posterior vertical sulcus, from end of superior 

frontal sulcus (green arrows). 

Right image: trace cingulate sulcus (green arrows) on midsagittal MRI images posteriorly, then 

superiorly (marginal sulcus) to its end - marginal sulcus is just posterior to central lobule bounded by 

red arrows. 

 
 

On convexity surface: 

lower portion of precentral gyrus is located just posterior to pars opercularis; 

lower portion of postcentral gyrus is just anterior to supramarginal gyrus 

¶ gyral ridge (yellow arrow) connects precentral and postcentral gyri so that central sulcus never 

directly joins Sylvian fissure: 

 
 

BROCA 

Brocaôs area - M-shaped gyrus formed by pars orbitalis, triangularis, and opercularis: 

http://www.neurosurgeryresident.net/
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PATIENT POSITIONS  

- see p. Op100 >> 

 

 

PINNING OF THE SKULL  

Safe areas for pinning: 

 
 

If pin perforates skull: 

1) may lose stereotactic accuracy (important for DBS). 

2) may cause epidural or subdural hematoma ï better evacuate as risk of infection (skin preop for 

pinning is always suboptimal). 

 

 

SIZE OF CRANIOTOMY  

¶ goal of ñkeyholeò surgery - not to perform small incision and craniotomy for sake of small opening 

but to permit adequate access to skull base while limiting trauma to surrounding structures. 

McCarty keyhole 

¶ size of craniotomy: 

- surface lesions typically require craniotomies as large as lesion. 

- deep-seated lesions can be accessed through much smaller craniotomy since intracranial field 

widens with increasing distance from skull. 

- significant brain edema - use larger bony opening to prevent cortical herniation and infarction 

along bone edges that can obscure the surgeonôs view. 

 

 

Minimally Invasive Transcranial Operative Corridors: Techniques: 

http://www.neurosurgicalatlas.com/grand-rounds/minimally-invasive-transcranial-operative-corridors-

techniques 

 

 

INCISION FOR CRANIOTOMY  

¶ instead of straight (slash) incisions, use ñSò incisions ï will get much more length and thus can 

retract scalp more for larger craniotomy. 

¶ incise epithelium with knife, then use Bovie for hemostatic cut. 

Alternative (Dr. Broaddus) ï single cut down to bone* then Raney clips. 

*except temporalis muscle ï better to open with Bovie to prevent bleeding 

Scalp incision is beveled along hair follicles to minimize incisional alopecia 

¶ avoid Raney clips ï may cause permanent incisional alopecia; if used ï remove at stepwise fashion 

along of scalp closure (minimize blood loss). 

¶ use Metz over temporalis muscle ï insert scissor tips between scalp and temporalis fascia and cut 

over it. 

¶ for lifting up temporalis fascia and leaving cuff ï how to find optimal cuff: incise fascia along 

fibers (vertical cut) ï this way will see where fascia inserts into bone and thus will know how big 

cuff needs to be. 

 

 

 

PERICRANIAL FLAP  

¶ helps to seal (inadvertently) entered air sinus. 

¶ make cut through galea, then insert Metz in the subgaleal plane above pericranium ï cut on Metz; 

elevate scalp flap first; then elevate pericranium separately (and keep it wrapped in the wet gauze 

for the rest of the case). 

¶ Dr. Graham likes to dissect pericranium from scalp flap at the end of case using Bovie; he 

sometimes leaves only narrow pedicle for pericranial flap ï still enough for vascular supply but lets 

to advance flap much more posteriorly. 

 

 

BONE FLAP 

¶ may use 14 mm perforator at calvarium ï quick; at keyhole and zygoma need to use Acorn drill 

bit as bone there is very thin (until perforator reaches disengagement depth, dura is already 

shredded). 

¶ dura is separated off the edges of bone using Penfield 3, Woodsen probe, or hockey stick probe; 

may need to enlarge inferior aspects of bur hole to allow the instrument to pass in. 

¶ bur holes are then connected using footplate. 

 

 

 

http://www.neurosurgeryresident.net/
../Op100.%20General%20Principles%20of%20Operative%20Neurosurgery.pdf#PATIENT_POSITION
http://www.neurosurgicalatlas.com/grand-rounds/minimally-invasive-transcranial-operative-corridors-techniques
http://www.neurosurgicalatlas.com/grand-rounds/minimally-invasive-transcranial-operative-corridors-techniques
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BRAIN HANDLING  

RETRACTION INJURY  

¶ happens with > 20 mmHg retraction for > 15 minutes. 

 
¶ best seen on postop DWI. 

 

 

BRAIN RELAXATION  

- minimizes retraction injury. 

 

MM aannnnii ttooll   vvss  HHyyppeerr ttoonniicc  SSaall iinnee  
Hypertonic Saline Solution Versus Mannitol for Brain Relaxation During Craniotomies: A 

Systematic Review and Updated Meta-Analysis. Menegaz de Almeida et al. Neurosurgery, March 

29, 2024. 

¶ 1031 patients (61% underwent surgery for supratentorial tumor resection). 

¶ HTS achieved better rates of brain relaxation (80% vs 71%; odds ratio [OR] 1.68; 95% CI 1.22-

2.33; P = .001; I2 = 0%), which was also demonstrated in the subgroup analysis of patients with 

supratentorial brain tumor (78% vs 65%; OR 2.02; 95% CI 1.36-2.99; P = .0005; I2 = 0%); less 

patients requiring a second dose of osmotic agent (14% vs 28%; OR 0.43; 95% CI 0.27-0.69; P = 

.0003; I2 = 0%); a lower fluid intake (mean difference ī475.9341 mL; 95% CI ī818.8952 to 

ī132.9730; P = .007; I2 = 88%); and lower urine output (mean difference ī462.0941 mL; 95% CI 

ī585.3020 to ī338.8862; P = <.001; I2 = 96%). 

¶ hospital length of stay and focal neurological deficits did not reach a statistically significant 

difference between groups. 

 
 

 

CLOSURE OF CRANIOTOMY  

¶ 2-0 Vicryl for galea only! (common mistake ï to include some skin as well ï no benefit but 

increased risk of spit stitch) 

¶ staples for skin (esp. Dr. Broaddus ï does not like Monocryl!) 

¶ close dura water tight*  with 4-0 silk running stitch; may place layer of Duragen above or below 

dura suture line; may reinforce with dura sealant. 

*esp. for kids < 3 yo ï to prevent leptomeningeal cyst (Dr. Collins likes to rotate 

pericranial flap on pedicle to cover dura). 

 

VANCOMYCIN  

Topical vancomycin powder 1gram into subgaleal space after final irrigation decreases infection rate 

12-fold (from 6% to 0.5%) with overall cost reduction 1400 USD per craniotomy (1 gram of 

vancomycin costs 12 USD, 1 case of postcraniotomy infection costs 24,000 USD) 
Mallela et al. Topical Vancomycin Reduces Surgical-Site Infections After 

Craniotomy: A Prospective, Controlled Study. Neurosurgery 83:761ï767, 2018 

 

 

APPROACHES, CHOICE OF 

Minimally invasive Í Maximally evasive 

 

CONVEXITY  

ENTIRE CONVEXITY: 

Twist drill craniostomy >> 

Bur hole washout >> 

Decompressive hemicraniectomy (ñTrauma Flapò) / Frontotemporoparietal craniotomy >> 

 

 

FRONTAL CONVEXITY: 

Decompressive Bifrontal craniectomy (Kjellberg) >> 

Frontal (Unilateral) craniotomy >> 

 

 

FRONTOTEMPORAL CONVEXITY: 

Fronto-temporo-zygomatic craniotomy >> 

 

 

SKULL BASE  

http://www.neurosurgeryresident.net/
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ANTERIOR SKULL BASE  

Transnasal endoscopic access to anterior cranial floor >> 

Midline Anterior Skull Base approach 

NREF video >> 

Bifrontal craniotomy 

Subfrontal craniotomy 

Supraorbital keyhole craniotomy - through eyebrow incision 

Interhemispheric approach 

 

 

Transbasal approach ï extending down through cribriform plate into nasal cavity (up to hard palate); 

now obsolete due to ENT endoscopic capabilities. 

 

¶ for anterior skull base repair may use titanium mesh, pericranium flap, galea flap, temporalis 

muscle rotated on vascular pedicle; postop may use ñairflow diversionò (tracheostomy, intubation, 

or at least nasal airway for 3 days ï all help to prevent soft tissue used for reconstruction 

movement when patient is breathing / coughing / sneezing). 

 

 

 

MIDDLE SKULL BASE  

Fronto-temporo-zygomatic craniotomy >> 

Frontotemporal craniotomy (e.g. Dandyôs frontotemporal ñmacrosurgical approachò) 

Pterional craniotomy (e.g. Yasargilôs microsurgical pterional approach) >> 

Orbitozygomatic craniotomy >> 

Infratemporal craniotomy 

NREF video >> 

 

Designing a Lateral Skull Base Approach ï NREF video >> 

 

 

MESIAL TEMPORAL REGION  

- divided into 3 areas: 

1. Anterior  - transsylvian-transinsular approach 

2. Middle  - transtemporal approach 

3. Posterior - supracerebellar-transtentorial approach 

 

 

 

POSTERIOR FOSSA 

A. Suboccipital craniotomy >> 

Supracerebellar approach >> 

B. Retrosigmoid (retromastoid) >> 

Far Lateral approach >> 

C. Presigmoid (in order of increasing temporal bone drilling): 

a) retrolabyrinthine 

b) translabyrinthine 

c) transcochlear 

D. Transoral Clival approach >> 

 

 

Designing a Posterolateral Skull Base Approach: Presigmoid vs. Retrosigmoid Approaches ï NREF 

video >> 

Designing a Posterior Fosse Approach ï NREF video >> 

 

INTERNAL AUDITORY CANAL ± CP ANGLE  

 

JUGULAR FORAMEN  

Approach to jugular foramen ï NREF video >> 

 

 

 

SPECIAL SITUATIONS  

REDO CRANIOTOMY  

¶ inject local anesthetic along old scar using control syringe ï allows stronger grip as scar area 

resistance is very high: 

http://www.neurosurgeryresident.net/
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https://www.youtube.com/watch?v=dKuK6Bgwigo&list=PLRrYUcBdtXzqaht98K90IyEE33d5N4W5b&index=4
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¶ dura maybe scarred to bone ï bone flap difficult to lift: wrap patient with  table around with wide 

silk tape (may place patient arms in sleds) ï allows table rotation (ñair-planingò) so can work under 

the partially lifted bone flap. 

¶ scalp closure ï running vertical mattress 3-0 Monocryl ï strong and allows nice scar edge 

adaptation with eversion. 

 

 

DURAL VENOUS SINUS INJURY 

Traumatic dural venous sinus injuries carry high mortality (vs. slow sinus occlusions by tumor) ï 

hard to control bleeding, ligation is dangerous. 

 

PREPARATION  

¶ before elevating depressed skull fractures overlying any of major intracranial venous sinuses 
notify anesthesia (risk of bleeding + air embolism) and have large piece of Gelfoam and rapid 

infuser ready. 

¶ if major venous sinus injury is suspected: approach by exposing intact sinus above and below, open 

dura on both sides so that sinus can be clamped. 

¶ ETOMIDATE for neuroprotection 

¶ if large circular sinus is encountered while crossing foramen magnum, this should be controlled 

with Weck clips, divided, and oversewn with dural sutures. 

 

MANAGEMENT  

¶ maintain hydration to prevent thrombosis 

¶ if interposed graft is necessary for permanent repair of large sinus laceration that cannot be 

repaired any other way, autogenous saphenous vein graft may be utilized after temporarily 

shunting blood through interposed shunt to allow time to sew graft into place. 

 

Repair 

ï anterior 1/3 (or 25%) of superior sagittal sinus can be ligated without any clinical sequelae; 

ï tears of posterior 2/3 of sinus need repair (ligation Ÿ lethal venous congestion) 

¶ if bleeding is too brisk and finger pressure blocks view for repair Ÿ proximal sinotomy to allow 

temporary placement of inflatable Fogarty balloon catheter. 

CAVERNOUS SINUS ï inject fibrin glue into it! 

Small tears - closed using bipolar cautery and Gelfoam. 

Medium tears - placing Gelfoam, Surgicel, or Avitene Flour over opening followed by wet cottonoid 

until bleeding stops; piece of muscle or Gelfoam may be sutured over sinus 

TACHOSIL® ï fibrin sealant patch (sticks to sinus wall!) 
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Larger tears (esp. if contralateral flow is not patent or nondominant on preoperative imaging): 

¶ lower head to prevent air embolism 

¶ place gauze over to control bleeding; do not pack sinus ï will cause thrombosis (maybe disastrous) 

¶ while bleeding is controlled, drill bone around widely to have a good access for repair (keep sinus 

covered with patty to contain bleeding; assistant may place fingers on sinus proximal and distal to 

sinus injury to apply pressure and control bleeding). 

¶ repair sinus wall using: 

a) muscle piece plug 

b) pericranial flap  

c) dura flap  ï cut C-shape adjacent dura flap (based on dural sinus) and reflect it over 

sinus wall defect ï suture in place using interrupted 4-0 silk stitches, cover with Surgicel 

wrapping Gelfoam; may perform ICG angiography to confirm sinus patency 

Videos of operative repair techniques: 
https://www.neurosurgicalatlas.com/volumes/principles-of-cranial-surgery/operating-

room-crisis-management/dural-venous-sinus-injury 

https://www.neurosurgicalatlas.com/cases/repair-of-superior-sagittal-sinus-injury 

d) Gore-Tex graft 

e) bypass 

 

 

 

 
 

 

MAJOR VEIN INJURY  

Use saphenous vein graft: 

http://www.neurosurgeryresident.net/
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AIR EMBOLISM  

- results from non-collapsible vein (dural sinus, diploe) injury 

¶ incidence: 

25-50% in surgeries involving the posterior fossa 

25% in cervical laminectomies 

1.3% clinical significant air embolism in DBS in sitting position 

100% (when TEE is used) in cases in sitting position 

¶ rarely may lead to pulmonary or cerebral air embolism. 

¶ lethal amount ï 200-300 mL of air (3-4 mL/kg). 

 

PREPARATION  

- when there is a risk of entering into venous sinus (fracture over sinus, supracerebellar-infratentorial 

approach in sitting position): 

 

Preop  

¶ transthoracic Doppler echocardiography to detect any right-left shunt (e.g. patent foramen 

ovale) Ŷ contraindication for the sitting craniotomy ï risk of brain air embolism. 

¶ MRV  - check patency of contralateral venous sinuses. 

 

Intraop (standard measures) 

¶ ECG (ventricular arrhythmias) 

¶ end-tidal CO2 monitoring (Ź along with BPŹ, pO2Ź, CVPŷ) 

normal end-tidal CO2 5-6% = 35-45 mmHg 

 

Intraop (special measures) 

¶ place precordial Doppler ultrasonography - early sensitive intraoperative detection of 

intracardiac air: AE is heralded by a change in sonic intensity and character (ñMachinery soundsò). 

¶ place multichannel central venous catheter (in Right atrium) to aspirate any large emboli. 

 

MANAGEMENT  

1) occlude site of air entry - soaked Raytec and flood with saline, wax bleeding bone edges, occlude 

visual sources of venous bleeding. 

Do not pack sinus ï will cause thrombosis (maybe disastrous) 

2) lower head if at all possible (30° or less from horizontal). 

3) rotate patient LEFT side down (attempt to trap air in right atrium). 

4) jugular venous compression by anesthesiologist (bilateral  best; second choice: right only) ï 

increases venous pressure. 

5) aspirate air from right atrium via CVP catheter. 

6) ventilate with 100% O2 + discontinue nitrous oxide (may expand AE). 

7) if patent foramen ovale exists, stop PEEP (PEEP increases R-to-L blood shunting). 

¶ if nothing helps, terminate surgery and transport to ICU intubated. 

 

 

MALIGNANT BRAIN EDEMA INTRAOP  

Etiology: 

1) hematoma ï ICH (e.g. aneurysm rerupture), remote SDH/EDH. 

2) venous obstruction: jugular vein kink at neck, Gelfoam strip protruding into veno sinus lumen 

3) massive vasodilation (e.g. hypercarbia) 

 

Prophylaxis 

Place LD / EVD preop (if tumor, e.g. meningioma, is big ï keep drain clamped until dura is opened) 

 

Treatment  Check for contralateral hematoma! (use US) 

1. Elevate HOB 

2. Straighten neck (no jugular compression) 

3. Hyperventilate, no PEEP 

4. Increase depth of anesthesia 

5. Avoid high SBP 

6. Mannitol bolus 

7. Drain CSF: EVD / LD, accessible cisterns 

8. Enlarge dural opening / craniotomy (veins compressed against bone?) 

9. Resect temporal or frontal lobe / tumor / drain cyst 

10. Do not place bone flap back 

 

¶ primary scalp closure maybe difficult H: incisions in the galea from the underside of the scalp 
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ENTRY INTO F RONTAL SINUS 

¶ carefully remove sinus mucosa from bone flap pockets (may use diamond drill bit for thermal 

kill)  

¶ rest of sinus in orbitofrontal bar is cover with wet long patty for the duration of case; at the end 

check to make sure no bone dust or clots are in frontal sinus; leave mucosa intact; do not place 

any Gelfoam in it; M. Couldwell places muscle plug into sinus; cover with vascularized 

pericranial flap Ÿ Tisseel / DuraSeal. 

¶ add additional antibiotic coverage. 

¶ if sinus mucosa is inflamed (sinus is no longer sterile) ï need sinus cranialization: 

- remove entire mucosa down to ostia 

- remove posterior wall of frontal sinus 

- cover ostia with pericranial flap 

¶ Japanese neurosurgeons suture-repair sinus mucosal entry to close sinus intracranial access. 

 

 

ENTRY INTO MASTOID AIR CELLS  

¶ wax well or fill with HydroSet. 

 

 

BONE FLAP HITS THE FLOOR  

a) soak in Betadine ï best choice 

b) autoclave ï powerful solution but ŷ risk of autoresorption 

 

 

TENSION PNEUMOCEPHALUS (POSTOP) 

- uncommon but potentially serious complication (lumbar drain may be the etiology) 

¶ progressive headache and mental status change. 

¶ treatment: 

1) oxygen given by face mask. 

2) head of bed is kept flat 

3) surgery is rarely necessary 

 

 

AWAKE CRANIOTOMIES , BRAIN MAPPING  

Used sources: 

Connolly ñFundamentals of Operative Techniques in Neurosurgeryò 2nd ed. (2010), ch. 60 (275-278 

pages) 

Badie 'Neurosurgical operative atlas - Neuro-oncology' 2nd ed. (2007), ch. 14 (pages 115, 117-119) 

Jandial ñCore Techniques in Operative Neurosurgeryò (2011), procedure 39 

Greenberg (2016) ch. 93.6.2-3 

 

 

General anesthesia is preferred for most patients with minimal to moderate motor and/or sensory 

deficits and with lesions outside language regions. 

Language function can only be assessed in awake patients. 

Awake craniotomy is considered for cooperative patients with more severe motor or sensory deficits 

(must be motor at least 3/5) 

 

¶ awake craniotomy - currently reserved only for speech area testing with bipolar stimulation (while 

patient is counting or naming objects) 

¶ for motor strip use SSEP mapping (strip electrodes show specific phase reversal potentials from 

sensory to motor strip). 

 

 

INDICATIONS  

Low-grade* gliomas in or near motor, somatosensory, language cortex, thalamus, brainstem ï 

check MRI, fMRI, DTI (guide mapping to be more targeted): 

1) Brocaôs and Wernickeôs cortices, arcuate fasciculus 

2) rolandic cortex, supplementary motor area, corona radiata, internal capsule 

3) insula, uncinate fasciculus 

*high-grade gliomas ï only near (but not in) eloquent areas 

 

¶ language mapping ï preop fMRI to determine hemisphere dominance; object naming, at 4 sec per 

image, must be better than 75%. 

¶ motor mapping requires (near) normal power (at least 4-/5 for mapping under general anesthesia) 

¶ somatosensory mapping requires (near) normal sensation. 

¶ intraop ECoG is good for limited lesional cases (not good for broad lesional areas). 

 

Dr. Cohen-Gadol ï strategy for HGGs: 

asleep mapping - if the tumor does not directly infiltrate but is anatomically within millimeters of 

these vital structures. 

awake mapping - for tumors (low-grade gliomas) that directly infiltrate these structures as shown on 

MRI + fMRI (esp. postcentral gyrus - in awake mapping leads to subjective paresthesias that are not 

detectable in anesthetized patient) 

N.B. if tumor seems to involve eloquent areas but patient becomes asymptomatic on steroids ï means 

symptoms were coming from edema and tumor is not invading ï likely resectable! vs. high-grade 

infiltrative tumors in eloquent cortex ï attempt to resect leads to STR (deficit and hematoma riskŷ) 

 

HGGs inside eloquent cortex ï no surgery! (i.e. GBM not improving on steroids ï beware surgery) 

 

ñI use mapping (awake or sleep) primarily for low-grade gliomas affecting the central lobule. The use 

of this technique for resection of high-grade gliomas (HGGs) directly infiltrating the functional 

cortices and tracts often leads to neurologic morbidity, despite preservation of these functional areas. 

Subtotal resection of these HGGs is also associated with postoperative neurological decline and risk 

of hematoma formation. However, I do use mapping for specific HGGs that do not directly infiltrate 

the functional areas, but are adjacent to them. This strategy allows mapping for safe resection in 

nonfunctional peritumoral regions in expectation of radical tumor removal.ò 

 

 

CONTRAINDICATIONS  

1. Obesity, sleep apnea, airway problems (e.g. chronic cough, severe GERD) 

2. History of anesthesia emergence delirium 

3. Psychiatric issues (esp. anxiety, claustrophobia, cognitive impairment) 

4. Uncontrolled seizures 

5. Children < 6-10 years (decreased cortical excitability): 

1) awake craniotomies are not as well tolerated 
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2) cortical stimulation mapping may not elicit motor responses (H: SSEPs are more useful to 

identify central sulcus). 

6. Language baseline errors > 25% of objects named correctly at 4-second intervals. Because 

stimulation language mapping relies on the ability to block object naming, language cannot be 

localized when baseline errors are too high. Although some object slides can be discarded from the 

specific patientôs slide set, the final set should have at least 50 slides. When the patient has normal 

naming ability (i.e., 100% of slides named correctly), slides are presented at 3-second intervals. 

This allows quicker mapping with a higher current because of less temporal current summation. 

 

Absolute contraindications - patient refusal and inability to cooperate (confusion, decreased level of 

consciousness, moderate to severe dysphasia or aphasia, language barrier) or inability to lay still 

 

Challenging pathologies: large lesions with marginal intracranial compliance, deep-seated tumors 

requiring significant surgical retraction, highly vascular lesions. 

 

 

Lesions that do not need mapping* - well-defined (noninfiltrative) lesions: metastases, vascular. 

*unless need to find a safe corticotomy site 

 

NONCOOPERATIVE PATIENT  

e.g. unable to do fMRI. 

H: Subdural grid electrodes and extraoperative functional mapping. 

 

Dr. Russell Lonser: This is really a language question. Motor pathways can be mapped asleep 

regardless of cognitive status, and nothing done preoperatively replaces direct stimulation for 

language. 

 

 

ANESTHESIA 

A) patients awake for entire duration of surgical intervention (awake-awake-awake craniotomy, 

AAA ) ï MAC vs general anesthesia for asleep portion are equally safe. 

B) patients sedated during painful parts of surgery (asleep-awake-asleep craniotomy, SAS) - may 

compromise electrophysiological brain mapping and thus endanger patient's neurological outcome 
Ott C ñThe impact of sedation on brain mapping: a prospective, 

interdisciplinary, clinical trial.ò Neurosurgery. 2014 Aug; 75(2):117-23 

 

¶ Foley catheter is inserted. 

¶ patient should be advised that there may be some pain involved - dura is pain sensitive! (less of 

concern is awake procedure is done as a second stage after previous subdural electrode placement 

ï dura is already open) 

¶ if patient was not on anticonvulsants preoperatively, therapeutic load of ASMs should be 

administered. 

¶ 20% MANNITOL  IV - maximum 0.5 g/kg; higher doses will cause nausea and vomiting. 

¶ paralytics cannot be used (other than for induction). 

¶ general anesthetic mapping cases - inhalation anesthetics must be minimized. 

¶ airway management during the asleep phase - supraglottic airways, such as laryngeal mask 

airway (LMA) , but endotracheal tube or other airway devices have been used. 

¶ main challenge occurs at emergence from general anesthesia and extubation: agitations, 

hemodynamic fluctuations, residue anesthetics, unrecognized pain and discomfort, shivering, or 

nausea vomiting. 

¶ MIDAZOLAM  is a common choice of anxiolytics but might induce motor coordination deficits in 

both contralateral and ipsilateral limbs of patients with eloquent area glioma. 

¶ language mapping ï only PROPOFOL (especially helps with nausea) and/or 

DEXMEDETOMIDINE* (especially helps with stressful shivering! ONDANSETRON is also helpful 

to control shivering) - facilitate mild sedation during opening and closing, and maximum 

cooperation during mapping and resection phases; no narcotics** or additional anesthetic 

medications! 

*approved for sedation in nonintubated patients by the FDA in 2008 (ability to promote sleep-

like arousable sedation while maintaining respiratory drive) 

**thus, good field block with 0.25-0.5% bupivacaine + 0.5-1% lidocaine + 1:200,000 

epinephrine before draping ï along incision + base of scalp flap, ± nerve blocks (e.g. 

supraorbital, occipital). 

¶ as the dural opening is begun, desflurane is turned off and REMIFENTANIL  infusion of 0.1ï0.2 

mcg/kg/min IV is started. 

¶ by the time dural opening is completed, DESFLURANE has usually worn off and the LMA can be 

removed. 

¶ remifentanil is then titrated for pain control (neurophysiologic testing can usually be performed at 

this time). 

¶ operation may often be carried to completion with the patient awake. 

¶ once the intracranial part is completed, more pain relief may be desired and general anesthesia may 

be needed for pain control or agitation (LMA may suffice here). 

 

 
 

SCALP REGIONAL ANESTHESIA  

After induction of propofol or midazolam sedation, without intubation, the local anesthetic field block 

is placed - the preauricular , postauricular, supraorbital , and occipital nerves. By starting at these 

points, placement of the remainder of the block is less painful. 

 

Comparison of scalp block techniques. A, Regional nerve scalp block. Numbers 1 through 5 indicating 

the common nerves anesthetized for awake craniotomy: supraorbital, zygomaticotemporal, 

auriculotemporal, lesser occipital, and greater occipital nerves, respectively. B, Circumferential scalp 

block. The bold line in red color illustrating the infiltration of local anesthetics in the surgical field 

surrounding the incision line. 
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1) supraorbital & supratrochlear  nerves: 2 ml injected 1.5 cm above the supraorbital foramen 

above the medial third of the orbit. NB: if you are going to use surface matching to register the 

patient for image guidance (e.g. BrainLab or Stealth), injecting here may deform the skin and a ect 

the registration accuracy. Consider injecting a lower volume of higher concentration agent (e.g. 2% 

lidocaine) 

2) auriculotemporal nerve: 5 ml injected 1.5 cm anterior to the tragus.  Caution: to avoid 

anesthetizing the facial nerve, inject just deep to the subcutaneous tissue 

3) postauricular branches of greater auricular nerve: 2 ml 1.5 cm posterior to the antitragus. 

4) greater, lesser & third occipital nerves: inject 5 ml with a 22 gauge spinal needle at the mastoid 

process and proceed along the nuchal ridge until the midline is reached 

 
 

 

The entry point of the one-inch, 25 gauge needle (just superior to the lateral aspect of the right 

eyebrow) is used for anterior scalp field block: 

 
 

 

The entry point for the 1 inch, 25 gauge needle (halfway between the root of the mastoid and the inion) 

used to block the posterior scalp: 

 
 

 

 

POSITIONING  

¶ patient comfort is paramount ï should be able to swallow, pillows under knees and/or back, 

warming blanket, video monitors displaying operative field turned away from patientôs line of 

sight. 

o supine, unless mapping Wernicke area ï lateral position 

o to facilitate any potential emergency airway rescue, mindful surgical positioning is 

important to avoid extreme rotation of the head and neck, and to leave adequate space for 

lower chin mobility to allow full mouth opening. 

¶ significantly more time must be spent on patient positioning to ensure that they will be as 

comfortable as possible without moving. 

¶ extra padding is employed. 
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¶ access to patientôs face is necessary for anesthesiologist and neurophysiologist. 

¶ patient supine with head on horseshoe headholder; legs and head of bed elevated. 

¶ Mayfield pin head holder is applied using local anesthesia (use 80 lbs for awake patients to avoid 

pin slip); alternative ï use AxiEM  or Neuro FrameLock systems without pinning. see p. Op30 >> 

¶ the patientôs head must always be lateral or angled slightly above the horizon so that the airway is 

well protected and the patient can see the computer screen. Attention is directed toward positioning 

the head to optimize airway during sedation. 

 

 

 

CRANIOTOMY  

also see p. E13 >> 

¶ at least 2 cm of the cortex around tumor perimeter ï to expose functional cortices. 

¶ standard temporal or frontal craniotomy, but opening must provide access to all areas to be 

mapped. 

¶ warn pathologist not to announce frozen path results over loudspeaker. 

¶ before bone flap is elevated, local anesthetic is injected through burr holes to irrigate sensitive 

dura. 

o once bone flap is elevated, dura should be blocked around middle meningeal artery. 

o subtemporal craniectomy using bone rongeurs should be avoided - can be very painful! 

¶ some patients awaken confused or slightly combative - dura is not opened until the patient is 

completely awake and calm. 

 

 

MAPPING  PRINCIPLES 

For mapping in EMU ï see p. E13 >> 

 

Resources to read: 

1. Keles GE, Berger MS. Functional mapping, in Berstein M, Berger MS (eds): Neuro-oncology: The 

Essentials. New York: Thieme Medical Publishers, 2011. 

2. Yingling CD, Ojemann S, Dodson B, Harrington MJ, Berger MS: Identification of motor pathways 

during tumor surgery facilitated by multichannel electromyographic recording. J Neurosurg 

91:922ï927, 1999 

3. Keles GE, Lundin DA, Lamborn KR, Chang EF, Ojemann G, Berger MS: Intraoperative 

subcortical stimulation mapping for hemispherical perirolandic gliomas located within or adjacent 

to the descending motor pathways: evaluation of morbidity and assessment of functional outcome 

in 294 patients. J Neurosurg 100:369ï375, 2004 

4. Berger MS, Cohen WA, Ojemann GA: Correlation of motor cortex brain mapping data with 

magnetic resonance imaging. J Neurosurg 72:383ï387, 1990 

5. Berger MS, Ojemann GA: Intraoperative brain mapping techniques in neuro-oncology. Stereotact 

Funct Neurosurg 58:153ï161, 1992 

6. Berger MS, Ojemann GA, Lettich E: Neurophysiological monitoring during astrocytoma surgery. 

Neurosurg Clin N Am 1:65ï80, 1990 

7. "Cortical Mapping" by Dr. Marcio Sotero de Menezes, University of Washington, Seattle, WA. 

Presented by Seattle Science Foundation. Click here to view: Cortical Mapping 

 

 

EQUIPMENT  

¶ iced irrigation fluid  and IV MIDAZOLAM  (to abort seizures during cortical stimulation). 

¶ brain diagram for drawing electrode montage on the brain. 

¶ 15-30 small (3 to 5 mm) paper numbered tickets; also use 4-0 silk on pia to outline resection area. 

 

Bipolar  probe ï for high precision cortical mapping. 

Monopolar probe ï for high precision subcortical mapping (1 mA = 1 mm; safe 

threshold is Ó 4-5 mA) 

 

¶ bipolar electrode: 1 mm at its tips, separated by 5 mm (maximum 10 mm). 

¶ 16-array cortical electrode and holder assembly (Grass Model C-E1; Natus Medical Inc) 

¶ EEG machine ï use critical strip to monitor for afterdischarges (AD is a local seizure ï cannot use 

mapping due to false positive result [current spread]). 

¶ for language mapping - slide projector (or computer slide show) with 50-100 object drawings, 

presented at a rate of one object every 3-4 seconds (depending on patientôs verbal ability). 

¶ for somatosensory evoked potentials: 8-contact strip electrode (with cable and connector), SSEP 

machine. 

 

 

AFTER DISCHARGE (AD) THRESHOLD DETERMINATION , SEIZURES 

¶ epileptologist has to be present during cortical mapping. 

¶ AD is akin to a focal seizure. 

¶ determining the AD threshold helps to prevent evoking clinical seizure activity and false 

localization. 

ñAfterdischarge potentials indicate that the current is too high and needs to be decreased to 

avoid unreliable mapping and cortical spread of stimulation.ò 

¶ using bipolar stimulator, beginning at 2 mA current for 3ï5 seconds, stimulate 3 to 5 areas of brain 

region to be mapped, calling out nearest cortical electrode contact to EEG team to watch; several 

spots on the cortex are stimulated for the same duration as the planned object image presentation 

epoch (3 or 4 seconds). 

¶ watch ECoG for ADs: if none, increase current by 1-2 mA increments until ADs are elicited (this is 

AD threshold, usually never > 6 mA) or up to a maximum of å 10 mA. 

ð in pediatrics, AD threshold has been shown to linearly decrease with age. 

¶ current 1-2 mA below AD threshold is used for mapping (Dr. Berger*  uses same stim amplitude as 

was eliciting AD; tumor volume plus peritumoral edema does not alter the current necessary to 

achieve adequate cortical mapping) 

N.B. some experts think that currents higher than AD threshold may detect more eloquent 

areas, but Dr. Bergerôs study*  showed that higher stimulation threshold does not lead to a 

greater number of functional cortical sites identified! 

¶ seizure is a top cause of failed awake craniotomies. 

¶ if either persistent ADs or a frank clinical seizure (risk is 2.2-54% in published series; per Dr. 

Bergerôs study*, most common with frontal lobe stimulation but seizure risk is not influenced by 

oncological factors - edema amount, WHO grade, molecular subtype or history of seizures) occurs: 

¶ mapping is aborted 

¶ brain is irrigated with iced irrigation fluid  (e.g. Ringer) 

¶ increasing supplementary oxygen concentration; 

ð if a seizure persists, small boluses of PROPOFOL (0.5-1.0 mg/kg) can be given; 

ð ALTERNATIVELY , MIDAZOLAM  ** is administered in 1- to 2-mg increments until clinical 

seizure activity ceases; another alternative - METHOHEXITAL  (Brevital). 

ð it is very rare to evoke seizures that persist or become problematic for continued mapping. 

ð if a seizure persists, despite reasonable doses of midazolam and irrigation of the brain with cold 

fluid, an airway should be placed and the seizures stopped with antiepileptic agents. 

 

*Rachel H. Muster et al.  The Relationship Between Stimulation Current and Functional Site 

Localization During Brain Mapping. Neurosurgery 88:1043ï1050, 2021 
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** may not be optimal - slower clearance and possible interference on 

function testing 

 

 

CORTICAL STIMULATION  

¶ BIPOLAR METHOD  - current passes between two electrodes and stimulates cortex in more precise 

control. 

¶ if surgeon is willing to operate on awake patients, mapping and resection can take place during 

same craniotomy - movable bipolar electrode stimulator is used on exposed cortex - observing 

responses (movements, sensory feelings, language arrest). 

ð motor responses are contractions of muscle groups 

ð sensory responses are perceived as tingling, vibration, light flashes, buzzing or ringing. 

¶ at the same time stimulated cortex is so completely occupied with electrical intrusion that it is not 

available for normal function ("BUSY LINE EFFECT "): 

ï if patient attempts to use extremity involved in motor stimulation sequence, patient will be 

unable to do so. 

ï functional speech areas are inactivated; e.g.: 

if current blocks language (positive result) - underlying cortex is eloquent for language 

and spared at time of resection; 

if language is not blocked (negative result) Ÿ current strength is progressively 

increased to, if possible, threshold for afterdischarges. 

¶ stimulation of association areas does not produce activated response; 

¶ in epileptogenic zones, stimulation may activate circuits habituated by epileptic discharge 

(responses may be of perceptual illusions, "déjà vu", memory of previous events). 

¶ positive cortical site is defined by its ability to elicit a reproducible behavioral response in at least 2 

out of 3 trials. 

 

Parameters: 

ð amplitude of 1-20 mA* (established after AD determination); if a voltage based unit is 

used, start at 1 volt and increase. 

*for awake mapping, max. 6-10 mA (vs. asleep can go up to 16-20 mA). 

ð biphasic square wave pulses (1.25 ms per phase) 

ð deliver in 2-4-second trains 

ð frequency of 1-60 Hz (60-100 Hz for language mapping) 

ð subcortical mapping needs 1-2 mA higher current. 

N.B. each cortical site is checked three times to ensure accuracy; avoid stimulating the same area 

repeatedly without a pause to prevent seizures. 

 

¶ to hold the electrode - an epidural post, two options: 

a) clamps to the skull 

b) screws into the bone (e.g. CE-1 electrode holder) - more stable and avoids potential 

epidural bleeding: 

 

 
 

 

¶ after brain is exposed, cortical electrodes are placed on the brain surface, followed by small 

numbers that identify which area has been stimulated; there are also many electrode options 

available, including carbon-tip electrodes (as shown), cotton-tip electrodes, and strip/grid 

electrodes. We prefer carbon-tip electrodes because they maintain good contact with cortex while 

permitting the surgeon excellent access for cortical stimulation: 

 
 

 

¶ stimulation mapping utilizing bipolar electrode to stimulate cortical surface. When motor cortex is 

stimulated with sufficient current, involved extremity can be observed to contract. As mapping 

proceeds, small tabs are placed on brain to identify primary motor regions (M), primary sensory 

cortex (S), and tumor (T): 
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SUBCORTICAL MAPPING  

(e.g. cerebral peduncle mapping) 

¶ use the same (or 1-2 mA higher) current needed for evoking movements with cortical stimulation. 

 

Dr. Komotar uses 5 mA bipolar for cortical, 5 mA monopolar for subcortical mapping 

 

 

REDO CRANIOTOMIES  

¶ if the dura is adherent to the underlying cortex and cannot be mobilized without a potential risk of 

pial injury, subcortical mapping is instrumental in mapping and monitoring function. Transdural 

cortical mapping is an option, but not very reliable. 

 

 

 

ANATOMICAL LOCALIZATION ON IMAGING  

Methods to localize central sulcus >> 

 

 

TESTING PARADIGMS  

Excellent article: 

Coello et al ñSelection of intraoperative tasks for awake mapping based on relationships 

between tumor location and functional networksò published online September 20, 2013; DOI: 

10.3171/2013.6.JNS122470. 

 

Schematic diagram showing preferred testing paradigms for each site: 

 
 

Proposal of intraoperative tasks based on relationships between tumor location and white matter 

connectivity: projection pathways (pyramidal tract, thalamocortical radiations, optic radiations) and 

subcallosal fasciculus: 

 
 

 

Proposal of intraoperative tasks based on relationships between tumor location and association 

pathways: inferior frontooccipital fascicle (IFOF), superior longitudinal fascicle (SLF), inferior 

longitudinal fascicle (ILF), and uncinate fascicle: 
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MOTOR M APPING 

¶ anesthesia - can be performed in awake or asleep patients (asleep requires higher stimulation 

current). 

¶ if (short-acting) paralytics are used, it is critical to reverse these agents 15ï30 minutes prior to 

applying the electrical stimulation and that a train-of-four muscle twitch can be elicited. 

¶ establish current - can be performed with or without concomitant electrocorticography (ECoG): 

a) when using ECoG (3 electrodes are placed on the neck as reference for EEG), stimulate with 

increasingly higher currents until after discharges (AD) are noted, use current 1-2 mA below 

AD threshold for mapping. see above >> 

b) when not using ECoG, begin stimulation mapping at 2 mA and increase current by 1-2 mA 

until movement is evoked. 

¶ map - stimulate cortex with bipolar  stimulator for 2-3 seconds, observing any movement of 

contralateral body / MEP response. 

¶ use EMG even in awake patient (MEP in EMG may be present at lower thresholds than 

before patient reports contraction; plus, patient may be still too sedated) 

¶ during resection, stimulate with monopolar while patient is continuously performing motor tasks. 

¶ gold standard ï ask patient to perform motor tasks (more sensitive than awaiting for 

muscle contraction) 

1 mA monopolar = 1 mm from corticospinal tract 

if using 5 mA ï no risk to motor function! 

Cortex may be silent, but subcortex ï not! 

(most motor deficits occur not from 

neuron mechanical injury but from 

feeding vessel ischemia) 

¶ recheck motor cortex stimulus threshold (e.g. via grid over it) ï if it rises, if MEP (on EMG) 

amplitude decreases, if spontaneous movement declines ï stop and reassess (irrigate warm saline, 

papaverine on vessels, correct BP) 

MEP amplitude decreases Ó 50% (or <100 ÕV) are hard stops! 

¶ unexpected postop deficits ï consider DTI. 

 

Dr. Cohen-Gadol 

Mapping the motor cortex. A subdural strip electrode is used to detect afterdischarge potentials (Ha: 

hand; Sh: shoulder; Fo: foot). The location of the tumor is marked by ñX.ò 

 
¶ nondominant face motor cortex may be removed Ÿ only temporary facial weakness Ÿ complete 

return of facial function as long as the underlying white matter tracts for the adjacent motor 

cortices were left intact. 

¶ resection of cortices just anterior to motor cortex can lead to transient hemiplegia/hemiparesis or 

supplementary motor area (SMA) syndrome.  

N.B. do not start mapping / resection in SMA ï will get false-positive results! 

 

Marco Rossi et al. Clinical Pearls and Methods for Intraoperative Motor Mapping. VOLUME 88 | 

NUMBER 3 | MARCH 2021 

the low-frequency (LF) (or Penfieldôs technique) and the train of stimuli (high-frequency, HF). As a 

general rule, motor mapping should initially be used on the cortical level to identify motor sites, in 

order to identify a safe area to perform corticectomy. Afterwards, it should be used on the subcortical 

level to define resection boundaries by identifying eloquent white matter fibers involved in motor 

control that should be preserved. 
 

Low-Frequency Stimulation Paradigm 

The LF stimulation paradigm is characterized by a biphasic square wave (0.5 ms of duration) delivered 

by a bipolar probe continuously every 20 ms, during the entire duration of the stimulation.7 When 

applied over M1 while the patient is at rest (the best condition for investigating M1), LF induces motor 

responses using a current intensity ranging between 2 and 7 mA when the patient is awake, and 

between 7 and 16 mA when the patient is asleep (Table 2). The motor response is detected either as an 

overt movement or by electromyography (EMG) recording.2 The advantage of using EMG is that it 

allows for the simultaneous monitoring of different body segments contra and ipsilaterally; 

additionally, EMG recordings allows for the correct interpretation of the evoked motor responses and 

detection of impeding seizures.2,7 When recording free running EMG, LF evoked responses are 
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characterized by progressive motor unit recruitment dependent on the current intensity applied (Figure 

1A), showing clear somatotopy along the motor cortex, with a prevalent response of extensors to 

flexors. When applied on the subcortical level, motor unit recruitment becomes tonic, with more 

muscles recruited (Figure 1B). 

LF is particularly efficient in detecting motor responses when used in tumors with limited CST 

infiltration and sharp margins, occurring in patients with optimal seizure control and without 

significant preoperative motor deficits or previous treatments (low-risk tumors) (Table 3).2 Particular 

caution should be applied subcortically when LF is used in combination with a cavitron ultrasonic 

surgical aspirator (CUSA) (ultrasonic-aspirator), due to the occurrence of false negative responses, and 

in patients with a long history of seizures, previous motor deficits, or treatments. 43,45 In the latter 

cases (high-risk tumors), LF may induce intraoperative seizures (ranging from 2% to 25% in different 

series) or result in false negative mapping (false negative results of stimulation), which lower the 

likelihood of performing a useful mapping, with the risk of surgery abortion (Tables 2 and 3).29 

Therefore, while in low-risk tumors, the use of LF enables a very high rate of EOR (>90%); in difficult 

or high-risk tumors, the EOR drops <50%.2,7 False negative mapping differs from the concept of 

negative mapping, ie, a condition in which no motor responses are evoked when the current intensity is 

progressively increased during stimulation, because the site of stimulation is far away from 

functional/motor sites. Generally, a negative mapping is considered safe with LF when a current 

intensity of 16 mA in asleep conditions and 8 mA in awake conditions does not induce any motor 

response.29 When used on the subcortical level during motor pathway tumor resection, LF identifies 

motor sites in more than 40% of the cases, and this is associated with the risk of developing permanent 

motor deficits in 12% of cases. On the contrary, when no motor subcortical sites are identified, this 

risk drops to 3.2%.29 This figure could be explained either by the occurrence of ischemic insult, or by 

the physiological properties of the paradigm, which induces a motor responses only when the probe is 

in close vicinity of motor fibers.7 

 

High-Frequency Stimulation Paradigm 

The HF paradigm is characterized by a monophasic-wave pulse 0.5 ms in duration, delivered as a train 

(interstimulus interval 2-4 ms), generally every second, either by a monopolar or bipolar probe.7 In the 

former, current travels between the probe and a reference electrode placed on the skull close to the 

motor trip; in the latter, it is delivered between the 2 balls of the probe. HF stimulation applied over 

M1 induces motor evoked potentials (MEPs), and an EMG machine is required for their detection 

(Figure 1A and 1B). The current intensity needed to evoke an MEP range between 2 and 7 mA in 

awake conditions and 5 to 15 mA in the asleep phase (Table 2).2 Morphology of the MEP response is 

similar irrespective of whether a response is evoked cortically or subcortically. In addition to 

qualitative information (the type of muscle recruited), HF stimulation provides quantitative data such 

as MEP amplitude, MEP morphology, and latency of the response from the stimulus. All these data 

help to correctly interpret the type of evoked responses obtained during stimulation and to perform the 

mapping. 

HF stimulation delivered by a monopolar probe is highly efficient in most clinical conditions, 

regardless of previous deficits, treatment, long seizure history, high tumor infiltration and/or edema, 

CST infiltration, or anesthesia regimen (Table 3). HF is not influenced by the combined use of a 

CUSA.7 These data support the conclusion that HF is the most efficient paradigm for exciting M1 

originating fibers, and when used subcortically, in the context of normal M1 excitability, it also 

provides information on the distance between the stimulation site and M1 fibers (1 m-1 mA rule).44 In 

this condition, motor fibers are found in most conditions, the current intensity is progressively reduced 

(starting from 10 mA to 12 mA) when nearing the CST, and when a subcortical MT of 3 mA is 

reached, the site of stimulation is very close to the CST, with a chance of inducing a permanent deficit 

below 2%.27,29,46 Of course, the subcortical MT should be adapted to the clinical context and varies 

according to clinical or radiological features in the group of ñhigh-riskò motor tumors. In this setting, 

particularly in the case of difficult tumors (eg, with multiple previous treatments), the paradigm could 

be tuned to the clinical context with the use of flexible approaches such as the increase in the number 

of pulses (train of 7-9) and/or pulse width (500-800 ms). This allows for the elicitation of motor 

responses also in cases of failure of the standard protocol, making the mapping feasible with a very 

limited postoperative morbidity (<2%).23 In particular cases, when needed, the spatial resolution of 

the stimulation may also be increased by switching from the monopolar to bipolar probe, which has 

higher focality (Table 2). This is relevant in the case of tumors involving and extending toward M1, or 

to the SMA.23 In general, HF stimulation has been proven to be a more versatile and safe approach in 

comparison to LF, with less risk of intraoperative seizures (<2% even in difficult cases) and almost no 

chance of inducing (false) negative mapping. By using this approach, effective motor mapping is 

feasible in most clinical conditions, affording a very high degree of EOR (>90%) and very limited 

postoperative morbidity (2%). Morbidity is generally linked to the onset of ischemic events and is 

higher in the case of high-grade tumors. 

 

ADVANCED MOTOR MAPPING The standard approach has been proven to be efficient in most 

tumors that involve M1 and its fibers (Tables 1-3). However, it has limitations. For example, when 

used in the case of tumors involving PM or parietal areas, preservation of M1 and its fibers is not 

enough to preserve motor performance. As reported by Rossi et al,8 a significant proportion of patients 

undergoing surgery under general anesthesia for tumors within a 2-cm distance from the central sulcus 

developed hand apraxia after surgery, despite the absence of new permanent motor deficits. Apraxia is 

a highly debilitating motor impairment that severely impacts the ability to perform highly-skilled 

motor movements, which is difficult to rehabilitate and impacts on the patientôs quality of life.47 In 

fact, motor function requires a lot more than simple muscle contractions. We previously described the 

role of nonprimary motor areas in performing and adapting movements to the actionôs goal and the 

important role of subcortical neural networks in connecting these cortical areas.16 Hence, while M1 

and its descending fibers can be identified by DES without the need of the patientôs collaboration, 

structures involved in a higher level of motor programming and movement control (eg, grasping 

networks) can be mapped only in the awake setting, while the patient is performing an ongoing motor 

task (Figure 2).5 In this condition, the interferences generated by DES identify essential sites to be 

preserved on the cortical and subcortical level. There are 2 main motor tasks routinely used for this 

purpose.31 To investigate nonprimary motor areas, the simplest way is to ask to the patient to 

continuously perform a repetitive voluntary arm movement (flexion-extension) and to observe the 

interferences generated by DES during the task performance. This allows for the identification of 

cortical or subcortical sites that when stimulated cause an interruption of the ongoing movement.18,48 

Recently, a more advanced intraoperative test, named the hand manipulation- task (hMT) has been 

developed by Rossi et al. During this task, the patient is asked to perform a rotational movement with 

the hand, using a tool shaped like a screwdriver. 8 DES is applied, causing several interferences with 

the ongoing movement when various cortical areas (S1,M1, vPM) or tracts (U-shaped fibers, superior 

longitudinal fasciculus (SLF)) are stimulated (Figure 3).15 The hMT, in comparison to the simple arm 

movement task, introduces the investigation of sensorymotor integration, a crucial component of motor 

control. Both tests (hMT or voluntary arm movement) have been successfully applied on the 

subcortical level to define limits of tumor resection and to preserve movement control.8,48 Both tasks 

can detect sites in the white matter of the frontal or parietal lobe, but at the moment, the full patterns of 

connectivity identified by DES during execution of these tasks is not known. One hypothesis is that 

they can detect a human homologue of the ñlateral grasping networkò described in monkeys.10,26 The 

clinical use of these tasks dramatically reduces the incidence of postoperative ideomotor apraxia 

(global incidence 2.5% when tasks are used in comparison with 50% when they are not applied) and 

the need for postoperative rehabilitation (50%-2%).8 This effect was particularly evident in patients 

with nondominant hemisphere tumors.8 Of interest, the use of these tasks did not influence overall 

EOR or the ability to achieve a complete tumor resection. Fibers subserving highly skilled motor 

functions (such as the SLFIII), although functionally relevant, are discrete and of small size.8,48 A 

second limitation of the standard approach regards the resection of tumors involving or originating 

within M1. These tumors were considered not amenable to surgical resections for many years, due to 

the associated high rate of postoperative morbidity. Consequently, a limited approach consisting of a 

biopsy was generally proposed. There are very few data available on the use of LF stimulation in this 

type of tumor surgery (Tables 1-3). LF works mainly in awake conditions and identifies cortical motor 

sites in around 90% of cases.2 Similarly, on the subcortical level, LF identifies sites evoking a motor 

response in more than 73% of cases. Gross total resection (GTR) is obtained in 50% of the cases, with 

a 10% chance of severe permanent deficits.2 In this setting, LF works particularly well in cases of 
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tumors originating from the PM cortices invading M1 when growing posteriorly. LF is efficient in 

identifying the posterior margin of the resection represented by M1 fibers. However, when the tumor 

originates inside M1, particularly in cases not reaching the surface, LF evokes motor responses in 

multiple cortical sites, preventing the identification of a safe entry zone in the precentral gyrus, 

resulting in mapping abortion. In the same setting, HF stimulation provides a more versatile 

approach.23 The standard paradigm (train of 5) can identify, in most cases, a safe entry zone on the 

cortical level and the margin of resection is improved, affording a GTR in more than 73% of patients 

with a very low morbidity (<2%). The standard paradigm works better in tumors reaching the surface, 

with sharp margins that show contrast enhancement.23 In cases of patients who received previous 

treatments (particularly RT), the standard paradigm can, however, result in (false) negative mapping, 

even when a high current intensity is applied (>25 mA). In these cases, to obtain a reliable mapping on 

the cortical and subcortical level, an increase in the train (train of 7 or 9) or pulse width (500-800 u ɛs) 

may be needed (Table 2). This affords a high rate of complete resection (>90%) and a low 

postoperative morbidity (<2%).23 In the case of diffuse tumors (lower-grade setting) without any sign 

of enhancement or of deep-seated tumors, a combined standard and reduced train (1 or 2 pulses) 

approach is recommended to achieve a reliable mapping.23 In fact, while the standard HF technique (5 

pulses) often evokes MEPs in most of the explored cortical sites, the reduction in the number of stimuli 

(2 or 1) allows for the definition of negative cortical areas inside the precentral gyrus (usually located 

in the rostral sector of M1) that can be safely used as a cortical entry point to reach and resect the 

tumor.23 The same strategy is also applied on the subcortical level to extend the resection towards the 

CST. This combined approach enables the resection to be extended (GTR > 88%), with a low 

morbidity (<2%). Overall, these data indicate HF stimulation is highly versatile and is able to reach 

reliable mapping in most clinical conditions. To perform a reliable cortical mapping and identify a safe 

cortical entry zone, the assessment of the cortical Motor Threshold is crucial; subcortically, 

fundamental is the estimation of the minimal distance between the probe and the functional motor 

fibers. It is preferable, when this advanced approach is applied, to use general anesthesia, allowing a 

stable cortical excitability needed for the reliable evaluation of electrophysiological quantitative 

parameters (ie, MEP amplitude-current intensity), which are generally quite variable in awake 

condition. Moreover, HF stimulation is less ictogenic, even in patients with altered cortical 

excitability. 

 

MAPPING AND MONITORING 

The ideal motor mapping protocol should also incorporate monitoring, ie, the availability of online 

information as to the functional integrity of the CST. Mapping alone is not enough to preserve motor 

functions, because postoperative deficits may develop due to damage of motor pathways, generally 

upward of the site of stimulation, occurring due to ischemic events.40 Monitoring during motor 

mapping incorporates electroencephalogram (EEG) and electrocorticography (ECOG), as well as MEP 

and somatosensitive evoked potentials (SSEP) monitoring. Although considered by some groups as 

optional, EEG and ECOG are used to evaluate the status of anesthesia and to titrate the level of 

anesthetics to the cortical excitability. To deliver reliable mapping, it is important that EEG and ECOG 

activity are continuous, avoiding any burst suppression. This reduces the chance of negative mapping 

(due to reduced cortical excitability) and the need to apply high-current intensities. The use of MEPs 

allows for continuous evaluation of the functionality of motor pathways, and they are very sensitive to 

vascular damage.49 Often, the use of MEPs is associated with that of SSEPs, which provide additional 

information as to the maintenance of good vascular supply. MEP monitoring can be obtained either by 

the use of transcranial electrodes (TCD) or by the use of cortical strips placed over M1 (direct cortical 

stimulation, DCS). TCD offers the opportunity to record MEPs from the beginning of surgery to the 

end, and to monitor both hemispheres.39,40 According to the montage in use (C2-C1 or C3-C4), 

MEPs from the lower or upper limb are monitored. It is generally recommended not to apply too high 

a current intensity to reduce the risk of stimulating too deep, missing the upper portion of the motor 

pathway. DCS stimulates directly through a cortical strip placed over M1, uses lower current 

intensities, and evokes MEPs from dura opening to closure. MEP monitoring is predictive of motor 

outcome. The occurrence of reversible or irreversible loss of MEPs during the procedure is associated 

with a high chance (80%) of developing motor deficits and poor motor outcome. There is no consensus 

on the type of alterations predictive of motor pathway injury. Any change in MEP amplitude (<50%), 

increase in current intensity, or change in latency has been related to possible irreversible damage on 

the pathway and should be referred to the surgeon during the procedure in order to undertake the 

proper measure to reduce the risk. However, particularly in the case of insular tumor surgery, changes 

in MEP recording may occur suddenly (in less than 3 s) and at the end of the resection time or during 

closure, highlighting the current difficulties in establishing a hierarchical series of predictive 

changes.41 In any case, the availability of such information enables all measures to be taken in a 

timely manner to reduce the functional impact of ischemic events, which improves outcome. Median 

and tibial nerve SSEPs are used to either indicate cortical or subcortical ischemia affecting the 

somatosensory cortex or lemniscal pathways. During supratentorial surgeries, a 50% decrease in 

amplitude or increase in latency of the cortical potential is commonly used as a warning criterion. 

A special application is the technique of SSEP phase reversal, ie, the recording of an inversed cortical 

SSEP potential over M1, to determine the central sulcus. Many surgical teams that are experienced 

with cortical mapping do not use this methodology, as they find direct cortical mapping providing 

more precise information.7,27 Nevertheless, SSEP phase reversal is an excellent tool that is of 

considerable help in cases of distorted anatomy or inconclusive mapping results. 

 

ANESTHESIA A crucial point is to decide whether to perform the motor mapping under general 

anesthesia or in awake conditions. Unfortunately, no conclusive data are available on this matter. Pure 

motor mapping can in fact be safely and efficiently performed under general anesthesia, albeit with the 

limitations previously described. Nowadays, the decision to perform motor mapping under awake 

anesthesia or in the asleep setting is based mostly on the surgeonôs experience and preference. As a 

point of good practice, if the patient is in good neurological conditions, shows no sign of motor deficit 

or apraxia, and is harboring a tumor within 2 cm from the central sulcus, the adoption of advanced 

mapping in awake conditions should be considered, to fully maintain high skilled movements (ie, to 

also preserve the lateral grasping network).8 However, the choice of the strategy should be tuned to the 

patient conditions, needs, and type of tumors (volume, extension, and contrast enhancement). When 

the surgeon decides that patient collaboration is needed, the use of an asleep-awake-asleep strategy can 

help.48 This technique decreases the patientôs discomfort during the opening and closing phases and 

also, by ensuring an adequate control of arterial and venous blood pressure, facilitates hemostasis in 

the conclusive phase. Importantly, this technique allows to constrain the time needed for mapping to 

the clinical context: a long cortical/subcortical mapping in patients highly cooperative with good 

clinical and neurological conditions or, conversely, a limited, focused mapping when degraded 

neurological or general (age, anxiety) conditions prevent a long awake phase. 

 

CONCLUSION 

The type of strategy should be tuned to the clinical context and the surgeon should be aware in each 

individual case of the possible network(s) involved and choose the appropriate mapping strategy 

according to the patient and tumor features. While the standard approach, particularly with LF 

stimulation, requires the availability of a stimulator and of a trained anesthesiologist only, the use of 

HF stimulation and of advanced approaches necessitates the use of an advanced intraoperative 

machine, the presence of a neuropsychologist, a neurophysiologist or neurophysiology well-trained 

technician, and of a neurosurgeon trained in neurophysiology (the 2 latter figures for correct 

stimulation choice and evoked responses interpretation). This, thus, introduces problems of cost and 

volume load. 

 

Dr. M. Berger recs (60 Hz, bipolar, start at 1 mA) 

For cases conducted under general anesthesia, standard neuromonitoring with electromyography was 

performed and the anesthesia team and surgical assistants watched for motor responses. 

For awake motor mapping cases, the patients were awake, alert, and following commands and 

provided verbal feedback at the time of motor mapping on whether they moved, in addition to the 

visual monitoring by the anesthesia team and surgical assistants. 

Both cortical and subcortical stimulation was performed with a 1-msec constant- current square-wave 

pulse at 60 Hz. Stimulus intensity was typically started at 1 mA and increased up to 6 mA for awake 

cases until a motor response was identified. For asleep cases, stimulus intensity was increased up to 16 
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mA, in 2-mA increments, until a motor response was identified. The location was considered a 

negative site if there was no response at 6 or 16 mA, in awake and asleep conditions, respectively. 

Resection was carried out with the intent of a maximal resection until positive cortical or subcortical 

mapping sites were reached. At this point, if the patient was under general anesthesia, the resection 

was stopped. However, if the patient was awake, he or she was asked to move the body part that was 

positively stimulated. Subsequently, the resection was continued, a millimeter or so at a time, until the 

patientôs function diminished slightly and then the resection was stopped. 

Ischemic events can be caused either directly by coagulating an en passage small arteriole or indirectly 

when there is vasospasm within or adjacent to the resection cavity. Great care must be taken during the 

resection, and the bipolar cautery is now used sparingly, if it all, to avoid the direct injuries. In cases 

with vasospasm, the spastic artery or arteriole can be seen directly under the microscope and often 

occurs when resecting a thin cuff of tumor at the margin. When this is seen, especially for a larger 

artery or arteriole, we administer PAPAVERINE on the vessel using a small patty during the procedure 

and remove it prior to closing the dura. 

 

Case example of spastic artery in the resection cavity and use of papaverine to prevent distal ischemia. 

A: Spastic artery in resection cavity. B: Papaverine-soaked pledgets on the vessel. The pledgets were 

placed on the vessel for approximately 5 minutes. C: Subsequent vasodilation: 

 
 

While either asleep or awake motor mapping is acceptable, awake craniotomies are preferred, 

especially in patients with any preoperative motor deficits, in order to try to obtain the most detailed 

cortical and subcortical map possible. In addition, performing the case with the patient awake allowed 

additional resection after the positive cortical site was identified until the patient developed a slight 

deficit. This allowed us to achieve greater extent of resection in each individual case than what would 

have been achieved if the patient were under general anesthesia. 

Monopolar stimulation is a valid alternative to the 60-Hz bipolar technique and brings with it a lower 

risk of intraoperative seizures, although the current spread is likely to be greater than with bipolar 

stimulation. 

 

 

Phase reversal method for localizing central sulcus under general anesthesia: 8-contact recording 

strip is placed perpendicular to the anticipated central sulcus Ÿ SSEP-type stimulation of contralateral 

median or tibial nerve: phase reversal of N20/P20 peak between a pair of electrodes (# 4 and 5 in 

example below) indicates that those electrodes straddle the central sulcus: 

 
 

 

 

SENSORY MAPPING 

¶ removal of or injury to the postcentral gyrus leads to disabling proprioception deficits. These 

deficits improve significantly over time, but some functional limitations in fine hand movement 

and gait will be permanent. 

 

SOMATOSENSORY EVOKED POTENTIALS (SSEP) MAPPING 

¶ anesthesia - can be performed in awake or asleep patients with minimal muscle paralysis. 

¶ median nerve or tibial nerve stimulating electrodes are placed contralateral to hemisphere where 

SSEP testing is to be performed. 

¶ place 8ïcontact strip or grid electrode in transverse (axial) orientation, traversing presumed central 

sulcus (i.e. right angle to the central sulcus). 

- for bipolar montage, note phase reversal to identify somatosensory cortex. 

- for median nerve referential montage, note N20 (somatosensory gyrus) and P22 (motor gyrus) 

¶ move strip electrode and repeat procedure to verify accuracy. 

¶ because the brain is not being directly stimulated, seizures cannot be evoked with SSEP mapping. 

 

4 x 5 grid is placed on cortex for somatosensory evoked potentials, each 1 x 5 strip is 

sequentially activated in effort to identify phase reversal that will localize position of central 

sulcus and primary motor and sensory cortices: 
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SENSORY MAPPING 

¶ anesthesia - requires awake patient (vs. SSEP mapping ï done asleep). 

¶ establish current - can be performed with or without concomitant electrocorticography (ECoG) ï 

see above >> 

¶ map - stimulate cortex with bipolar stimulator for 2-3 seconds, having patient report after each 

stimulation epoch any sensation in the contralateral body. 

 

 

LANGUAGE M APPING 

Neurosurgical atlas: 

https://www.neurosurgicalatlas.com/volumes/brain-tumors/supratentorial-and-posterior-fossa-

tumors/language-mapping-for-glioma 

 

Konstantinos Fountas, MD from AANS 2026 Insights: 

Click here to view: AANS 2026 Insights: Neurosurgical Language Mapping  With Subdural Grids, 

Strip Electrodes, and Depth Electrodes 

 

Language cannot be mapped under general anesthesia. 

 

Philosophy by Dr. Russell Lonser 

Nothing done preoperatively replaces direct stimulation for language; task is to build the best structural 

and functional model before surgery and then decide whether intraoperative language mapping is 

realistic (significant aphasia*  excludes awake language mapping): 

*baseline naming error rate > 25% is the accepted contraindication because 

stimulation-induced errors cannot be separated from baseline errors, and 

sedation and analgesia further degrade residual function. 

H: reassess after steroids - high-dose dexamethasone can improve edema-related 

aphasia enough to bring a patient under that threshold and should be tried before 

a final decision. 

1. Multi -fiber tractography  with probabilistic tracking  - the foundation!!!  - gives a working 

deep boundary 

¶ tensor-based DTI fails at crossing fibers and underestimates tracts in edema and 

infiltrative tumor. 

¶ check arcuate fasciculus, superior longitudinal fasciculus, inferior fronto -occipital 

fasciculus (IFOF), and frontal aslant tract . 

¶ tract that appears absent in infiltrated white matter is often still present. 

2. Language fMRI  

¶ for noncooperative patient, resting-state fMRI is most useful task-free functional study 

- agrees well with stimulation for lateralization and regional localization, though not for 

boundaries! 

3. Navigated TMS - language mapping requires naming but retains negative predictive value in 

moderate deficits. 

4. Speech pathology - characterize the deficit. 

 

If patient is non-cooperative, surgery can be done asleep with tractography-defined language 

boundaries, a more conservative margin near the dorsal and ventral language streams Ÿ staged awake 

resection if language recovers. 

 

There are two ways of language mapping: 

a) fMRI  and/or passive ECoG ï show critical and participating cortex 

b) ESM (electrocortical stimulation mapping) ï delineates critical cortex ï thus, used as a 

gold standard to guide resections. 

 

¶ anesthesia - patient must be awake and cooperative (only anesthetic agents that may be used are 

narcotics); exception ï CCEP (cortico-cortico evoked potential, Broca-to-Wernicke) mapping of 

arcuate fascicle ï can be done asleep 

¶ employ neuropsychologist to assist. 

¶ stimulation sequence: face motor Ÿ Broca (speech arrest without any movement in oropharynx) 

Ÿ Wernicke. 

¶ cortical electrodes are placed 2-3 cm apart, covering area to be mapped; electrode positions are 

drawn on the brain diagram, which is passed off to EEG team for EEG montage creation (typically 

arranged anterior to posterior and superior to inferior). 

¶ numbered tickets are placed 1 cm apart, covering area to be mapped. 

¶ numbered ticket closest to area stimulated is called out following stimulation and recorded. 

¶ cortical threshold is determined by responses in lower sensorimotor strip (N.B. speech testing 

response cannot be considered negative unless stimulation current threshold has been established 

by reproducibly positive responses elsewhere in same patient). 

¶ stimulation using balanced biphasic square wave pulses (50-60 Hz, 0.5-4 ms peak-to-peak, and 

2-16 mA* per phase) is administered via bipolar electrode with 5-10 mm interelectrode distance. 

*experts say: if no speech disturbance by 5-7 mA then it is safe to resect 

 

¶ while patient is performing language task, current is applied to cortex just prior to display of 

object, continuing until task is performed correctly or next task appears. 

¶ patients over age å 40 usually need reading glasses to see written material, and they should have 
their own available in the O.R., although the temples (earpieces) usually canôt be accommodated. 

 

Language tasks (while intermittently stimulating): 

a) object naming presented for a 3-4-second duration (rehearsed preoperatively with the 

neurophysiologist) ï for Wernicke; errors define areas of essential language cortex; this may be 

evidenced by complete speech arrest, significantly slowed speech, or paraphasic errors 

b) reading 

c) word-naming interference ï for ventral language pathway 

d) sentence generation while looking at picture ï for dorsal language pathway. 

e) following simple and complex commands 

f) comprehension, repetition, spontaneous speech. 

g) counting ï for Broca 
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ð interruption or perseveration of counting is indicative of local cortical involvement in 

speech Ÿ identify sites by numbered tickets. 

ð automatic verbalization, such as counting, is robust and may persist!!! 

h) language tests for representation in temporal lobe - have patient to perform recitation of rhyme 

(gives more reliable results than counting). 

ð arrest, alteration of cadence, phonemic / semantic / syntactic errors are indicative of speech 

representation in stimulated area. 

 

 

¶ spread of epileptiform discharges from nearby regions of brain, however, can confound 

identification of regions of primary language cortex; H: subdural grids - adjacent electrodes 

monitor AD potentials to exclude this possibility. 

¶ many people have multiple language areas - finding one language area in either the temporal lobe 

or the frontal lobe does not mean that mapping is complete - the entire area at risk should be 

mapped. 

ð occasionally, there will be additional isolated area of speech in temporal cortex (separate 

from, and some distance anterior to, remainder of temporal speech area); interference with 

speech from stimulation of this area may be transmitted (H: place cottonoid pledget soaked 

with 0.5% LIDOCAINE without epinephrine over convolution at that point for 5 min - if 

there is no interference with spontaneous speech or recitation, area may be safely resected). 

¶ in multilingual patients , each language must be mapped. 

ð injury to the native tongue would disrupt all language function. 

ð injury to secondary languages would not affect the native language. 

 

N.B. mapping is only the first step - during resection, the surgeon must avoid injuring subcortical 

connections and vascular structures. When in doubt, the patient should be kept awake and continue the 

object-naming task until the risk period is over. 

¶ if the surgeon cannot find the language area, patient should continue object naming throughout 

the resection. 

¶ resections are kept a minimum of 1 cm from positive language sites (sulcal patterns may warrant 

modification). 

¶ postop immediate language deficits are frequent but transient (brain recovers due to plasticity). 

 
Functional mapping of language in the left temporal lobe with a handheld bipolar stimulator. Numbered tags 

identify previously tested sites. The green outline, superimposed on the surgical field with the heads-up display 

of a neuronavigation system, represents the boundary of an underlying lesion. 

 
 

 

SUBCORTICAL LANGUAGE PATHWAYS  - DISTRIBUTED LANGUAGE MODEL  

(replaced old school ñWernicke-arcuate fasciculus-Brocaò concept) 

1. Dorsal phonological and articulatory stream - underpinned by arcuate fasciculus (AF)/superior 

longitudinal fasciculus (SLF) complex. 

2. Ventral semantic stream - mediated by a direct pathway (IFOF) as well as by an indirect pathway 

composed of ILF, and then a relay at the temporal pole and the uncinate fasciculus. 

 

 

 

OPTIC / VISUAL MAPPING  

Pending read: 

 
 

¶ flash stimulation (e.g. LED goggles): 
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¶ depth electrodes are used for subcortical (optic radiation) mapping. 

 

¶ SEEG in calcarine cortex ï spike at 36 ms: 

 
 

¶ electrode strip over calcarine cortex ï spike at 41 ms: 

 
 

 

CALCARINE FISSURE LOCALIZATION  

 
 

¶ electrode strip across calcarine fissure - see phase reversal same as across central sulcus. 

 

Contacts 1-2 are above calcarine fissure, contact 4 is below, and contact 3 is over fissure: 

  
 

 

 

MAPPING OF HIGHER -ORDER FUNCTIONS  
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Hugues Duffau. New Philosophy, Clinical Pearls, and Methods for Intraoperative Cognition 

Mapping and Monitoring ñ¨ la carteò in Brain Tumor Patients. Neurosurgery 88:919ï930, 2021 

¶ deficits of higher-order functions maybe more disabling than ñvisibleò deficits (language, vision, 

motor). 

¶ deficits of higher-order functions are detectable only on neuropsychological testing ï leading 

surgeon to assume ñno postop deficitò. 

¶ mapping of functional connectome requires awake craniotomy and special tasks (real-time 

cognitive monitoring): 

 

Lesion location Pathways Intraoperative tasks Risk of transient 

postoperative 

worsening 
Frontoprecentral  FST (posteriorly) 

DLPFC and IFOF 

(laterally) FEF and its 

fibers (posterolaterally) 

Cingulate fibers 

(medially)/AF(laterally)  

Bimanual coordination/fine 

movement task 

Semantic association task (PPTT) 

Dual task every 4 s/n-back 

task/Stroop 

Mentalizing task (RME)  

Complex movement 

deficits Verbal and/or 

nonverbal semantic 

disorders 

Attentional/executive 

functions deficits 

Behavioral 

disturbances 

Parietoretrocentral  Thalamocortical tracts 

(anteriorly) Posterior 

cingulate fibers 

(medially) Optic tracts 

(posteriorly) Right SLF 

part II (laterally) 

Frontoparietal 

connections 

Somatosensory 

Bodily awareness 

Visual field testing 

Line bisection 

Dual task every 4 s/TMTB 

Somesthetic deficits 

Body schema deficits 

Visual field deficits 

Spatial cognition 

disturbances 

Attentional/executive 

functions disorders  

Temporal IFOF (upper limit of 

resection) ILF 

(posteriorly)/optic tracts 

PPTT/RME 

Visual recognition 

Semantic/behavioral 

deficits Visual 

hemiagnosia/Visual 

field deficits 

Insula IFOF (deep limit of 

resection) 

Thalamocortical tracts 

(posteriorly) 

PPTT/RME 

Somatosensory 

Semantic/behavioral 

deficits Somesthetic 

deficits 

 

AF = arcuate fasciculus; DLPFC = dorsolateral prefrontal cortex; FEF = frontal eye fields; 

FST = frontostriatal tract; IFOF = inferior fronto-occipital fasciculus; ILF = inferior longitudinal fasciculus; 

PPTT = Pyramidal Palm Tree Task; RME = Read the Mind in the Eyes Task; SLF = superior longitudinal 

fasciculus; TMTB = trail making test part B. 
 

 

 

RESECTION TECHNIQUE  

Using navigation and suture strip outline tumor on pial surface (recording subdural strip electrode is 

seen at the upper right): 

 

 
 

Using bipolar stimulator and paper tickets map cortex: 
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Hand-finger area overlaps tumor; corticotomy is made away from functional cortex margin and later 

subpial dissection with subcortical mapping approaches the functional tissue: 

 

 

 
 

¶ when resecting in motor area, resect lesion in motor cortex Ÿ SM (not the opposite; otherwise 

SMA syndrome will interfere). 

 

 

CUSA / SONOPET 

¶ FCD resection: lowest amplitude/power that still fragments tissue (FCD is soft and does not need 

aggressive settings); low-power ultrasonic emulsification produces a sharply demarcated lesion 
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with sparing of blood flow and conduction in immediately adjacent white matter, and effects are 

confined to a small volume at the tip. 

Never let the vibrating tip touch a vessel or the pial bank of the central sulcus! 

¶ small-bore tip (e.g. Sonopet outer diameter 1.9 mm) is well suited to the narrow, deep subcortical 

corridors. 

¶ modest suction with irrigation  adequate but not pooling ð a fluid bridge in the cavity shunts 

stimulation current and falsely raises the apparent threshold. 

¶ CUSA-induced conduction block: simultaneous ultrasonic aspiration near the CST can abolish 

previously present motor responses in a fully reversible manner ð an apparent false-negative map. 

¶ practical rule: turn the ultrasound off for the confirmatory low-threshold check; use 

continuous mapping to know when to slow down, then stop the ultrasonic energy and 

re-map at that spot before deciding the tract is not there. 

 

 

COMPLICATION AVOIDANCE  

¶ after mapping is complete, borders of the surgical resection are identified based on the operative 

goal and location of eloquent cortex. The surgical resection border is identified with silk suture.  

Resection proceeds with the patient again placed under propofol anesthesia for the remainder of the 

procedure. An exception is when the resection is very close to the language areas. In these 

instances, the patient continues naming during the portion of the resection that is closest to the 

language area and then goes back to sleep. 

N.B. resections within 1 cm of language cortex carry significant risk of permanent 

postoperative language deficits. 

¶ when no functional area is found, it is best to assume that there may be technical problems with the 

mapping and proceed with the resection with patient performing the appropriate task, or design a 

resection that is safest without mapping data. 

N.B. do not assume that absence of evidence (inability to locate a given function) is 

evidence of absence. 

Development of any permanent* neurologic deficit can blunt or eliminate any survival 

advantage gained by resection. 

*some deficits resolve over several weeks postop 

¶ never undercut functional cortex. 

¶ never sacrifice blood vessels subserving functional cortex. 

¶ antibiotics are used for 48 hours after surgery because of the limitations on sterile draping of the 

surgical field during awake procedures. 

 

¶ risk of temporary postoperative deficits of sensorimotor function is significant, especially with 

tumors directly infiltrating the sensorimotor cortices. If function is intact or mildly compromised at 

the end of the operation, but worsens on the first postoperative day, the opportunity for meaningful 

recovery is substantial. However, a significant decline at the end of the operation usually signifies 

an irreversible direct or ischemic injury. The most common reason for neurologic decline on the 

first postoperative day is subclinical seizures or hypoperfusion stroke. 

 

 

MULTISTAGE SURGICAL APPROACH  

¶  incomplete tumor resection during the first operation (to preserve a perfect QoL), 

followed by a postoperative functional rehabilitation with the goal to induce 

mechanisms of neuroplasticity. 

¶ reoperation a few months or years later (depending on the neoplasm) with an increase 

of the EOR (so without any loss of chance from an oncological perspective) while 

again avoiding any permanent neurological deterioration. 

 

 

 

TRANSNASAL ENDOSCOPIC ACCESS TO 

ANTERIOR CRANIAL FLOOR  

NREF video >> 

 

INDICATIONS  

Olfactory groove meningioma. 
 

PREOP 

¶ lumbar drain, leave clamped; Dr. Broaddus prefers no. 

N.B. lumbar drain helps but does not save poor closure 

 

DETAILS  

¶ register for neuronavigation (e.g. Stryker mask) 

¶ bilateral nasal cavities decongested with NeoSynephrine moistened pledgets.  

 

ENT part ï operative 0-degree endoscope: 

¶ bilateral superior turbinate removal, partial superior posterior nasal septum removal, bilateral 

maxillary antrostomies and total ethmoidectomies 

¶ nasoseptal mucosal flap is developed on intact vascular pedicle. 

¶ ethmoidal cribriform plate drilled off with high speed diamond bur to create anterior skull base 

defect right under the tumor. 

 

Neurosurgery part: 

¶ coagulated dura Ÿ durotomy over the tumor with # 11 blade. 

¶ tumor removed in piecemeal fashion using ring curettes and pituitary rongeurs. 

¶ 30 degree endoscope to inspect the tumor cavity for additional tumor tissue. 

 

ENT part - reconstruction: 

¶ pack base of the tumor bed with AlloDerm patch, followed by septal cartilage patch, DuraSeal 

glue, and overlay of well vascularized nasoseptal mucosal flap again reinforced with DuraSeal 

glue. 

¶ both nasal passages packed with Gelfoam, followed by Merocel packings lubricated with 

bacitracin ointment and inflated with some saline. 

¶ orogastric tube to decompress the stomach and suction out the oropharynx. 

¶ deep extubation, no cough. 

 

1980s ï free tissue grafts (onlay, inlay) ï success for CSF leak repair 90% on 1st attempt (96% on 

redo); 

Gasket seal closure: fascia lata or AlloDerm (enfolded into bone defect), then vomer bone 

or Medpor, then cover gasket edges with Surgicel. 

ï avoid Medpor if will need radiation (rather use AlloDerm ï integrates into tissues) 

Button graft closure: grafts on both inside and outside of bone defect, grafts sutured 

together to keep in place. 

 

Modern ï vascularized nasoseptal flap; fed by sphenopalatine artery. 

¶ 48 hrs cefazolin IV (for extended flaps ï triple antibiotics). 
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¶ alternatives ï middle turbinate flap, palatal flap. 

¶ JANUS flap ï bilateral flaps (so each flap can be smaller). 

¶ of course, even vascularized nasoseptal flap needs good multilayer free graft closure 

 

POSTOP 

HOB up, early saline irrigations, stool softeners, no straining, sneeze with mouth open 

 

 

FRONTAL (UNILATERAL) CRANIOTOMY  

POSITIONING , PINNING , INCISION  

Position: supine, head rotated slightly to opposite side. 

 

Pins ï single pin on craniotomy side and just behind auricle (too posterior ï risk of slippage); two pins 

along superior temporal line: 

N.B. place Mayfield as far posterior as possible ï very difficult to close corners! - pull scalp 

(holding hair) forward during pin placement ï will have less trouble closing! 

 

 

 
 

Incision: 

A. L incision ï for posterior lesions 

B. Keyhole supraorbital incision 

C. Incomplete (3/4) bicoronal incision 

 

¶ incision does not need to go all the way to the zygomatic arch, it just needs to be å as low as the 

orbital roof. 

¶ unlike pterional craniotomy, usually do not need to incise the temporalis muscle and fascia - 

dissect the flap off the muscle/fascia, i.e. leave temporalis muscle intact; if need to get low 

towards orbit, need to incise temporalis fascia and reflect it together with scalp flap (to prevent 

violating fat pad with frontalis branch); Dr. Broaddus leaves temporalis fascia intact and just 

reflects the scalp. 

¶ 4 burr holes ï 2 at or 1 cm posterior to coronal suture (next to midline, just above temporalis 

insertion); 2 frontal 

o cosmetically best just 1 bur hole at keyhole; consider HydroSet for closure and low profile 

cranial plates 

 

 

SUPRA-ORBITAL  CRANIOTOMY  (S. "EYEBROW"  CRANIOTOMY)  

¶ incision within the eyebrow (not above eyebrow!) ï perfect cosmesis. 
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- areas in blue can be seen during craniotomy; areas in orange cannot be seen (H: add 

endoscope). 

 

 

 

BIFRONTAL CRANIOTOMY  

INDICATIONS  

Anterior skull base 

Frontal bone 

 

 

POSITIONING , PINNING , INCISION  

Position: supine. 

 

Pin placement ï as posterior as possible: 

N.B. pull scalp (holding hair) forward during pin placement ï will have less trouble closing! 

 

 
 

 

Incision: 

¶ starts 1 cm anterior to tragus (in skin fold) at level of zygoma (or above) 

¶ extends vertically up, curves anteriorly (always stays behind hair line); lazy omega at midline 

(Dr. Broaddus does not use it). 

 

 

 

FRONTO-TEMPORO-ZYGOMATIC 

CRANIOTOMY  

¶ indication ï sphenoid wing meningioma. 

¶ exposes temporal fossa floor. 

¶ incomplete bicoronal incision 

¶ leave temporalis cuff ï incise temporalis muscle parallel to superior temporal line, then along 

posterior scalp incision, then detach temporalis from bone down to zygomatic arch. 

¶ expose both roots of zygomatic arch Ÿ use osteotome to cut roots of zygomatic arch Ÿ reflect 
entire temporalis anteroinferiorly together with attached zygomatic arch (during closure reattach 

zygomatic arch with ñdogboneò plates at each end). 

 

 

SUBFRONTAL CRANIOTOMY  

¶ ideal for olfactory groove / planum sphenoidale meningiomas ï enough unilateral (with ¾ 

bicoronal incision) craniotomy as approach is mainly interhemispheric. 

¶ Dr. Broaddus may not use pinning (uses horseshoe head holder); he likes full bicoronal incision 

(no midline ñlazy sigmaò ï may become visible due to hair loss). 

¶ make pericranial flap (reflect it anteriorly and wrap in wet gauze). 

¶ need to incise temporalis fascia to lift it up together with scalp flap (in order to preserve frontalis 

branch); Dr. Broaddus leaves temporalis fascia untouched and only dissects scalp off. 

¶ bur holes: 

a) posterior over sagittal sinus: Dr. Broaddus - one bur hole right over sinus; Dr. JRC - two 

small bur holes posteriorly on the sides of sagittal sinus (uses matchstick drill bit to 

connect bur holes) 

b) anterior midline burr hole (just above frontonasal suture); often frontal sinus is thick and 

impossible to cut with footplate, plus, risk of SSS damage, so Dr. Broaddus uses C drill bit 

to remove circle of bone in anterior wall of frontal sinus (at the end places bone circle back 

and fixes with dogbone) Ÿ use Acorn, Kerrison to go across posterior wall of frontal 

sinus. 

http://www.neurosurgeryresident.net/

































































































