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GWS = greater wing of sphenoid bone

1 Rolandic line/central sulcus (green line)

2 pre-auricular/ mandibular condylar line orientated perpendicular to theonfitomeatal line

3 frontozygomaticBylvian line passing from the frontozygomatic sutiiegeral canthus{16) to a point 75%
of the way along the nasibimion midsagittal line

4 lateral sulcus/Sylvian fissure (red line)

5 nasiofiinion midsagittal line

6 lateral sulcus/Sylvian fissure alternative location (blue line): aligns anteriorly with the anterior part of the
squamosal suture in a zoneiZA® 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)

8Rei dbés basreplanene/ Fr ankf

9 infra-orbitomeataline

10 (green dot)superior Rolandic point 1-2 cm posterior to the midpoint of the nagirion line (at the 58
55% mint of the nasioninion line) / 4-5 cm behind coronal suture

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

12 (orange dot), porion

13 (black dot), orbitale

14 (red dot), auricular point

15 (blue dd), midpoint of zygomatic arch

16 (pink dot), frontozygomatic suture

17 (purple dot), superior extent of the parieiccipital sulcus
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50%

Nasion

Drake RL, Vogl AW, Mitchell A, Tibbitts R, Richardson(Pe d s ) , Grayods At
Sylvian point1 skull point onnearest th&ylvian fissureand 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 theanfitomeatal line

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

4 lateral sulcus/Sylvian fissure (red line)

5 nasioriinion midsagittal line

6 (green dot), superior Rolandic pola2 cm posterior to the midpoint of the nagimnion line (at the 5855%
point of the nasioiinion line)

7 (yellow dot), inferior Rolandic point

8 (pink dot), frontozygomatic suture

9 (purple dot), superior extent of the parietcipital sulcus.

50%

Parietal Lobe

Frontal Lobe

Temporal Lobe
Nasion

Drake RL, Vogl AW, Mitchell A, Tibbitts R, Richardson(Pe d s ) , Grayods At

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 nagiorion 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 transveisegmoid sinus junction

9 transverse sinusvariable course makes accurate surface localization difficult
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10 pterion (site of infant anterolateral sphenoidal fontanelle).

T R
— - = —*"'ﬁ!-..',._\‘

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

FRONTALIS BRANCHES OF CN7

Line between tragus and | ateral canthus; fro
g o0 izredi e

1 CNZ7 frontalis branch(es) are located in the superficial fascia of the fangdithin the fat pad
- two techniques for reflecting the fat pad

A. Interfascial techniquesuperficial temporal fascia is reflected anteriorly along with the fat pad
via dissection underneath the fat gad superficial to the deep temporal fascia.

B. Subfascial techniqugsafer):superficial temporal fascia + fat pad + deep temporal fascia
reflected anteriorly all as one layer.
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Subcutaneous fat

Deep temporal fascia

Hair
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Superficial
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Temporalis

Frontal branch
of facial nerve

Sentinel vein
Middle temporal fat pad

Zygomatic
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arch
A . T

Ear—
AV Coronoid process
\ of mandible
Facial nerve Masseter
Parotid-masseter
fascia
Skin ——\\
Ss =
Superficial layer
: of deep temporal
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Temporalis m. i \
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\ NI Superficial temporal Temporalis m
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Superficial
/ temporal fascia
Innominate
fascia
Superficial layer of Frontal br.
deep temporal Facial nerve
fascia
Frontal br.
Facial nerve
Epidermis
Zygomatic arch
Innominate
fascia
Frontal br.
Facial nerve \ )
Parotid- W\
SMAS Masseter m. '|{  masseteric \\
oy fascia [

ASTERION

I sigmoidtransverse sinusinctionmost commonly (but not always) hugs it anteriegstyperiorly (so
it is safe to drill here if targeting venous sinus angleh the line from root of zygoma to inion where
it is intersected with vertical line just behind mastoid process.

asterion junction of thedambdoid, occipitomastoid and parietomastoid sujwsies oversigmoid
transverse sinysinctionin 81% of subjectanferior to it in 15% and superior to it in 4%
*pbe careful when drilling bur hole!

A) 1 cm above and 4 cm posterior to external auditory canal3rahan)
B) Intersection of:

vertical line through mastoid groove

line from inionto-root of zygoma
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OCCIPITO -MASTOID SUTURE

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

TORCULAR

- seep. A207 >>

TRANSVERSE SINUS

- seep. A207 >>

JUGULAR FORAMEN

I nerves occupy cenfrportion of it; jugular vein is posterior.

CENTRAL SULCUS

a) midline point at the 50% nasianion line; location of the central sulcus is approximately 2 cm
behind this 50% point
b) 3.54.5 cm behind the coronal suture.

central lobule = sensorimotor cortices

Left image central sulcusréd arrow) is second, more posterior vertical sulcus, from end of superior
frontal sulcus@reen arrows.

Right imagetrace cingulate sulcugieen arrow$ on midsagittal MRI images posteriorly, then

superiorly (marginal sulcus) to its entharginal 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 jgstanterior to supramarginal gyrus

1 gyral ridge (yellow arroywconnectgprecentral and postcentral gyri so that central sulcus never
directly joins Sylvian fissure:

.
AR -\
.

-

Precent Gyrﬂ:

.

BRrocA

Br o c a & Kl-shapeadgyrus formed by pars orbitalis, triangularis, and opercularis:
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PATIENT POSITIONS

- seep. Op100 >>

PINNING OF THE SKULL
Safe areaslfor pinning:

s,

If pin perforates skull:
1) maylose stereotactic accuragyportant for DBS).
2) may causepidural or subdural hematorndetter evacuate as risk of infection (skin preop for
pinning is always suboptimal).

SIZE OF CRANIOTOMY

1 goalofii k ey h ol e-mott® perfagne smgll incision and craniotomy for sake of small opening
but to permit adequate access to skull base while limiting trauma to surrounding structures.
McCarty keyhole
i size of craniotomy
- surface lesiongypically require craniotomies as large as lesion.
- deepseated lesionsan be accessed through much smaller craniotomy since intracranial field
widens with increasing distance from skull.
- dignificant brain edemauselarger bony openingo prevent cortical herniation and infarction
al ong bone edges that can obscure the sur

Minimally Invasive Transcranial Operative Corridors: Techniques:
http://www.neurosurgicalatlas.com/graralinds/minimallyinvasivetranscraniabperativecorridors
techniques

INCISION FOR CRANIOTOMY

T instead of straight ( silwil gehmuchimore length andthuscan s e
retract scalp more for larger craniotomy.
1 incise epithelium with knife, then use Bovie for hemostatic cut.
Alternative Or. Broaddu}i single cut down to bone* then Raney clips.
*except temporalis musclebetter to open with Bovie to prevent bleeding
Scalp incision is beveled along hair follicles to minimize incisional alopecia
i avoid Raney clipg may cause permanent incisiomébpecia if usedi remove at stepwise fashion
along of scalp closure (minimize blood loss).
1 use Metz over temporalis musélénsert scissor tips between scalp and temporalis fascia and cut
over it.
9 for lifting up temporalis fascia and leaving cufhiow to find optimal cuff: incise fascia along
fibers(vertical cut)i this way will see where fascia inseir$o boneand 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 peridrantuom Metz
elevate scalp flap first; then elevate pericranium separately (and keep it wrapped in the wet gau
for the rest of the case).

9 Dr. Grahanlikes to dissect pericranium from scalp flap at the end of case using Bovie; he
sometimes leaves only narrow pedicle for pericranialiflapll enough for vascular supply but lets
to advance flap much more posteriorly.

= =

BONE FLAP

1 may usel4 mm perforatoatcalvarium i quick; atkeyholeandzygomaneed to usécorn drill
bit as bone there is very thin (until perforator reaches disengagement depth, dura is already
shredded).

1 durais 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.

9 bur holes are then connected udiogtplate
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BRAIN HANDLING

RETRACTION INJURY

1 happens with > 20 mmHg retraction for > 15 minutes

1Rosengrn J, Diemer NH. The risk of cerebral damage during graded brain retractor pressure in
the rat. J Neurosurg. 1985;63(4):608-611. doi:10.3171/jns.1985.63.4.0608.

1 best seen on postop DWI.

BRAIN RELAXATION

- minimizes retraction injury.

Mannitol vs Hypertonic Saline
Hypertonic Saline Solution Versus Mannitol for Brain Relaxation During Craniotomies: A
Systematic Review and Updated MAtaalysis Menegaz de Almeidat al. Neurosurgery, March
29, 2024.

i 1031 patients (61% underwent surgery for supratentorial tumor regection

1 HTS achieved better rates bfain relaxation(80% vs 71%; odds ratio [OR] 1.68; 95% CI %.22
2.33;P =.001;12 = 0%), which was also demonstrated in the subgroup analysis of patients with
supratentorial brain tumor (78% vs 65%; OR 2.02; 95% CI-2.96;P = .0005;12 = 0%);less
patients requiring aecond dose of osmotic ag€b4% vs 28%; OR 0.43; 95% CI 0-D769;P =
.0003;12 = 0%); alower fluid intake( mean di fference 1T475.9341
T 132. BX.Q00;lI2=288%); andower urine outpu{ mean di fference 146
1585. 3020 tP<.003;R28 9688 6 2 ;

1 hospitallength of stayandfocal neurological deficitdid not reach a statistically significant
difference between groups.

Hypertonic Saline Solution Versus Mannitol for Brain Relaxation During Craniotomies:

An Updated Meta-Analysis

Design Results  \..n Conclusions
Studies comparing Hypertonic Characteristic MAN HTS
Saline with Mannitol for brain N° of patients 516 515
relaxation during craniotomies Age, years 487 497

Hypertonic saline provides

- - Supratentorial brain T 3

- - 284 287 ignificantly more brain

oA . tumor subgroup Sig antly A
relaxation than mannitol

« Outcome % OR [95% CI] P
Brain Relaxation ~ HTS:80% 4 ¢q0455 533 0001
Score (BRS)  MAN: 71% Supratentorial brain tumor
BRS in supratentorial HTS:78% , 0,11 36 200 00005 patients have better brain

brain tumor patients  MAN: 65% relaxation with hypertonic saline

: Patients requiringa  HTS: 14%
@ 16 RCTs were included peleadingiomdsl MAN. 269 0431027-069] 00003

Patients treated with hypertonic
saline required a lower number

~
;;;Q\% 1.031 patients Uinooutput  HTS  gi204mL o0y of second doses in comparison
: ¢ to patients treated with mannitol

3 7 -475.98341 mL
. . Fluid intake HTS (818895~ -132073 0007
515 patients received HTS

: SMD 3.086
Serum sodium MAN  (21011-4071) <0001

Outcome Favors  MD [95% Cl] P

Neu rosu rge ry Menegaz de Almeida et al

CLOSURE OF CRANIOTOMY

1 2-0 Vicryl for galea only! (common mistaketo include some skin as wéllno benefit but
increased risk of spit stitch)
staples for skin (esfr. Broaddud does not like Monocryl!)
close dura water tightwith 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 yd to prevent leptomeningeal cy$ir( Collinslikes to rotate
pericranial flap on pedicle to cover dura).

VANCOMYCIN

Topical vancomycin powder 1gram into subgaleal space after final irrigégitneases 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 Surgisiad Infections After
Craniotomy: A Prospective, Controlled Study. Neurosurgery 83:7&4, 2018

= =

APPROACHES, CHOICE OF

Mi ni mally invasive | Maximally evasive

CONVEXITY

ENTIRE CONVEXITY:

Twist drill craniostomy>>

Bur hole washout>

Decompressivedimi cr ani ect omy ( A Tr agpanetal dfdnietgpmgey / Fr on

FRONTAL CONVEXITY:
Decompressive Bifrontadraniectomy (Kjellberg)->
Frontal (Unilateral) craniotomy>

FRONTOTEMPORALCONVEXITY':
Frontetemporezygomatic craniotomy>

SKULL BASE
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Blorbital Frontal Craniotomy
Endoscopic Endonasal

Pterional Craniotomy

Orbitofrontal Craniotomy
Orbitofrontal Zygomatic Crani (FTOZ)
Eyebrow Frontal Craniotomy

Infratemporal Crani +/- Zygomatic Arch Ost -ITF
Middie Fossa Approach

Extended Middie Fossa Approach
Transiabyrinthine Approach

Suboccipital Crani
Posterior Transpetrosal Craniotomy

Combined Lateral Skull Base Approach (Fisch ITF App)
Far Lateral Approach

Orbitozygomatic

Subtemporal

Petrosal
Retrosigmoid
Far
lateral
Supracerebellar
Suboccipital infratentonial
Transcribiform plate
Transsphenoidal
Transclival
Bilateral
Unilateral subfrontal
subfrontal 1
Eyebrow/ II : :
szpraorbital Orbitozygomatic

Pterional

Kawase
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Transfacial Transoral

Orbitozygomatic

Pterional

Subtemporal

Transpetrosal
Transcochlear

) Translabyrinthine
Combined Retrolabyrinthine
Supra- and
Infratentorial
Retrosigmoid
“Compined-
Combined”

Suboccipital

Orbitozygomatic

Far lateral

Subtemporal
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EEA . FTOZ
Transclival > S w— Kawase
Transpetrous P (Anterior Petrosal)

Far Medial Posterior Petrosal

ELS

,7 = Retrosigmoid’
,' A |

»
v

ANTERIOR SKULL BASE

Transnasal endoscopic access to anterior cranial#leor
Midline Anterior Skull Base approach

NREF video>>
Bifrontal craniotomy
Subfrontal craniotomy
Supraorbital keyhole craniotomythrough eyebrow incision
Interhemispheric approach

Transbasal approaéhextending down through cribriform plate into nasal cavity (up to hard palate);
now obsolete due to ENT endoscopic capabilities.

1 for anterior skull base repair may uganium mesh, pericranium flap, galea flap, temporalis
muscle rotated on vascular pedjgestop may useé ai r f | o w (trdcheestomy, intobation,
or at least nasal airway for 3 ddyall help to prevent soft tissue used for reconstruction
movement when patient is breathing / coughing / sneezing).

MIDDLE SKULL BASE

Frontotemporezygomatic craniotomy:>
Frontotemporatraniotomy( e . g. Dandyés frontotempor al A ma c
Pterionalcraniotomy( e. g. Yasargil 6s micr®surgical pter
Orbitozygomaticcraniotomy>>
Infratemporal craniotomy

NREF video>>

Designing a Lateral Skull Base ApprodchREF video>>

MESIAL TEMPORAL REGION

- divided into 3 areas:
1. Anterior - transsylviartransinsular approach
2. Middle - transtemporal approach
3. Posterior - supracerebellatranstentorial approach

POSTERIOR FOSSA

A. Suboccipitakraniotomy>>
Supracerebellar approach
B. Retrosigmoidretromastoid)>>
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 Appiiobidties
video>>
Designing a Posterior Fosse ApproaddREF video>>

INTERNAL AUDITORY CANAL * CP ANGLE
JUGULAR FORAMEN

Approach to jugular foramenNREF video>>

SPECIAL SITUATIONS

REDO CRANIOTOMY

1 inject local anesthetic along old scar ustogitrol syringe i allows stronger grip as scar area
resistance is very high:
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-

<4
o
1 dura maybe scarred to bohd&one flap difficult to lift:wrap patient with table around withwide
silk tape(may place patientarmsinsledsal o ws t a b | e-planiogtosbtcan avork ufdera i
the partially lifted bone flap.
1 scalp closuré running vertical mattress 3 Monocryli strong and allows nice scar edge
adaptation with eversion.

DURAL VENOUS SINUS INJURY

Traumaticdural venous sinus injuries carry high mortality (vs. slow sinus occlusions by tumor)
hard to control bleeding, ligation is dangerous.

PREPARATION

1 before elevatinglepressed skull fractureserlying any of major intracranial venous sinuses
notify anesthesidrisk of bleeding + air embolisjrand have large piece of Gelfoam aagdid
infuser ready.

1 if major venous sinus injury is suspected: approach by exposing intact sinus above and below, ¢
dura on both sigks so that sinus can be clamped.

1 ETOMIDATE for neuroprotection

1 if large circular sinus is encountered while crossing foramen magnum, this should be controlled
with Weck clips, divided, ad oversewn with dural sutures.

M ANAGEMENT

1 maintain hydration to prevent thrombosis

1 if interposed graft is necessary for permanent repair of large sinus laceration that cannot be
repaired any other wagutogenous saphenous vein graftay be utilized after temporarily
shunting blood through interposed shunt to allow time to sew graft into place.

Repair
I anterior 1/3or 25%)of superior sagittal sinusan be ligatedvithout any clinical sequelae;
i tears ofposterior 2/3 of sinuseed repair( | i g a lethabvenolé congestipn
 if bleeding is too brisk and finger pressure blocks e w f or repair Y pr oxi
temporary placement of inflatable Fogarty balloon catheter.
CAVERNOUS SINUST inject fibrin glue into it!
Small tears- closed using bipolar cautery and Gelfoam.
Medium tears - placing Gelfoam, Surgicel, or Avitene Floowver opening followed by webttonoid
until bleeding stopsiece of muscle or Gelfoam may be sutured over sinus
TACHOSIL® T fibrin sealant patch (sticks to sinus wall!)

P L

P— Fibrin | —
{ Sealant Patch | | \
| == TachoSil® |
| (01)0D0303388701010 3.7inchx 1.9 inch 4’ N
\ 9.5cmx 4.8cm) [
i Ko 174 |
NDC 0333-8701-01
Fibrin Fibrin
Sealant Patch Sealant Patch
> 4 H [ > e
- TachosSil il TachosSil
3.7 inchx 1.9 inch 3.7inch x 1.9 inch
(9.5 cm x 4.8 cm) (9.5 cm x 4.8 cm)
Contents: 1 absorbable fibrin sealant patch Contents: 1 absorbable fibrin sealant patch
Single use only Contains no preservative
Topical use only Do not use intravascularly No U.S. standard of potency
Store at 2°C to 25°C (36°F to 77°F) Eachinch? contains:
Do not freeze Human fibrinogen  23.2 - 47.7 mg (35.5 mg)
Human thrombin 8.4 - 17.4 Units (129 U)
Directions for use: See package insert Each cm? contains:
Human fibrinogen 3.6 - 7.4 mg (5.5 mg)
Do not use if package is opened or damaged Human thrombin 1.3 -2.7 Units (2.0 U)
Equine collagen, riboflavine (E101),
Use immediately once the foil pouch is opened human albumin, sodium chioride,
Do not resterilize sodium citrate, L-arginine-hydrochloride
Disposs of usad product or waste material :
in m&& local mquh:\fents . s S
St. Pet'sr slmsu. 25
K Only :J?é?LLie':;:auw 1824
Distributed by: _
Product Code 1144822 Baxter byt o - [~ ) (& =) o
| L [
v ‘ >
'. g \ 2% |

e

N | B
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y ——-— == P it
NDC 63713-0050-24 2 X 4
FIBRIN SEALANT inch” nch

Read the instructions
before use.

PATCH |
EVARREST .

Contents.

Store at 2'C-25°C (36°F-77°F).
Do not freere.

Rx Only

P ETHICON 2o
PART OF THE Ww«»ﬁo%w FAMILY OF COMPANIES of surgery

Larger tears (esp. if contralateral flow is not patest hondominanbn preoperative imaging
1 lower headto prevent air embolism

1 place gauze over to control bleedidg notpack sinug will cause thrombosis (maybe disastrous)
1 while bleeding is controlledirill bone aroundwidely to have a good access for regégep sinus
covered with patty to contain bleedjragsistant may place fingers on sinus proximal and distal to

sinus injury to apply pressure and control bleeding).
1 repair sinus wallising
a) musclepieceplug
b) pericranial flap

c) duraflap 7 cut Gshape adjacent dura flap (based on dural sinus) and reflect it over
sinus wall defect suture in place using interrupteeD4ilk stitchescoverwith Surgicel

wrapping Gelfoam; maperform ICGangiography to confirm sinus patency
Videos of operative repair techniques:
https://lwww.neurosurgicalatlas.com/volumes/princiésraniatsurgery/operating
roonmcrisismanagement/duralenoussinusinjury
https://www.neurosurgicalatlas.com/cases/repasuperiorsagittatsinusinjury
d) Gore-Tex graft
e) bypass

ASSISTANT'S FINGER OVER SINUS LACERATION /i

PERICRANIAL
PATCH

\
SUPERIOR /“\
SAGIT TAL P e~ D

SINUS

Linear shit in duea

VEIN [ & : \\:
GRAFT A e

|
SHUNT VR 17~ X

Internal Shunt
in Place

2
l~ ‘

Longitudinal /
Vel |
17 &
U]
«f

Sinus

\ Occipital
\ Lobe

MAJOR VEIN INJURY

Usesaphenous vein graft
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Sigmoid
sinus

Vein
of Labbe’

Saphenous
A vein graft
Sinus wall removed

for venotomy

Sigmoid
sinus

Saphenous
vein graft

C Fat

AIR EMBOLISM

- results frormon-collapsible vein (dural sinus, diploe) injury
7 incidence
25-50% in surgeries involving the posterior fossa
25% in cervical laminectomies
1.3% clinical significant air emltiem in DBS in sitting position
100% (when TEE is used) in cases in sitting position
1 rarely may lead tpulmonary or cerebral air embolism
1 lethal amount 200-300 mL of air (34 mL/kg).

PREPARATION

- when there is a risk of entering into venous sfffitzeture over sinus, supracerebelilaratentorial
approachn sitting positior):

Preop
1 transthoracic Doppler echocardiographyto detecianyright-left shunt(e.g.patent foramen

ovale Y contraindication for the sittingraniotomyi risk of brain air embolism
1 MRV - checkpatency ofcontralateral venous sinuses.

Intraop(standard measures)

1 ECG (ventricular arrhythmias)

f endtidal CO2monitoring( Z al ong with BPZ, p02Z, CVPY)
normalendtidal CO 5-6% = 3545 mmHg

Intraop(special measures)

1 placeprecordial Doppler ultrasonography - early sensitiveintraoperative detection of
intracardiac airAE is heralded by a change in sonic intensity and char@dfierchinery sounds.)

1 placemultichannel central venous cathetelin Right atrium)to aspirateany large embali

M ANAGEMENT

1) occludesite of air entry soaked Raytec arftbod with saline wax bleeding bone edgescclude

visual sources of venous bleeding
Do notpack sinug will cause thrombosis (maybe disastrous)

2) lower headf at all possible (30° or less from horizontal)

3) rotatepatient LEFT side down (attempt to trap air in right atrium)

4) jugular venous compressidny anesthesiologigbilateral best; second choiceght only)
increases venous pressure.

5) aspirateair from right atrium via CVP catheter

6) ventilatewith 100% O2+ discontinuenitrous oxideglmay expand AE)

7) if patent foramen ovalexists, stog?EEP(PEEP increases-R-L blood shunting)

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

MALIGNANT BRAIN EDEMA INTRAOP

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

2) venous obstruction: jugular vein kink at neck, Gelfoam strip protruding into veno sinus lumer
3) massive vasodilation (e.g. hypercarbia)

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

Treatment Check for contralateral hematoma! (use US)
1. Elevate HOB

2. Straighten neckno 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

1 primary scalp closure maybe difficit incisionsin the galea from the underside of the scalp
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ENTRY INTO F RONTAL SINUS

1 carefully remove sinus mucosa frdmane flappockets (may use diamond drill bit for thermal
kill)

1 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 plac
any Gelfoam in itiM. Couldwellplaces muscle plug into sinusyver withvascularized
pericranial flapy Ti sseel [/ Dur aSeal

1 add additional antibiotic coverage
1 if sinusmucosa is inflame(sinus is no longer sterilé)needsinus cranialization:
- remove entire mucosa down to ostia
- remove posterior wall of frontal sinus
- cover ostia with pericranial flap
1 Japanese neurosurgeasgure-repair sinus mucosal entp close sinus intracranial access

ENTRY INTO MASTOID AIR CELLS

1 wax well or fill with HydroSet.

BONE FLAP HITS THE FLOOR

a) soak in Betadinei best choice
b) autoclavei power f ul solution but ¢ risk of auto

TENSION PNEUMOCEPHALUS (POSTOP)

- uncommon but gtentially serious complicationuinbar drain may be the etiology
1 progressive hatmche and mental status change.
1 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

Connollyi Fundamentals of Operative Techni qu-2/8 i n
pages)

Badie 'Neurosurgical operative atlableurconcology' 2nd ed. (2007), ch. 14 (pages 115;119)
Jandialn Cor e Techniques in Operative Neurosurger

Greenberg(2016) ch. 93.6-:3

General anesthesds preferred for most patients withinimal to moderate motor and/or sensory
deficitsand with lesions outside language regions.
Language functioncan only be assessed:dnwake patients
Awake craniotomys considered for cooperative patients witlore severe motor or sensory deficits
(must be motor at least 3/5)

1 awake craniotomy currently reserved only fapeech aretesting with bipolar stimulation (while
patient is counting or naming objects)

1 for motor stripuse SSEP mapping (strip electrodes show spegtiise reversgbotentials from
sensory to motor strip).

INDICATIONS

Low-grade* gliomasn or neamotor, somatosensorylanguagecortex,thalamus, brainstem i
check MRI, fMRI, DTI (guide mapping to be more targeted):
1) Br o caadiVe r n i cokieegascuatdasciculus
2) rolandiccortex,supplementarynotorarea,coronaradiata,nternalcapsule
3) insula,uncinatefasciculus
*high-grade glioma$ only near (but not in) eloquent areas

1 language mapping preop fMRI to determine hemisphere dominaratgect namingat 4 sec per
image, must béetter than 75%.

1 motor mappingequiregnear) normal powe(at least 45 for mapping under general anesthesia)

1 somatosensory mappimgquiregnear) normal sensation

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

Dr. CohenGadoli strategy for HGGs:

asleep mapping if the tumordoes not directly infiltratdut is anatomically within millimeters of
these vital structures.

awake mapping- for tumors(low-grade gliomashhatdirectly infiltrate these structures as shown on
MRI + fMRI (esp.postcentral gyrusin awake mapping leads to subjective paresthesias that are not
detectble in anesthetized patient)

N.B. if tumor seems to involve eloquent areas but patient becomes asymptomatic onistesads
symptoms were coming from edema and tumor is not invadiikgly resectable! vs. higlgrade
infiltrative tumors in eloquent cortéxattempttoresectlead t o STR (defi cit ar

HGGs inside eloquent cortéxno surgery(i.e. GBM not improving on steroidsbeware surgery)

Al use mappi ng ( awa k egradergliomds affeqding the aentrat blulie.ITlye ude
of this technique for resection of higjnade gliomas (HGGg)irectly infiltrating the functional

cortices and tracts often leads to neurologic morbidity, despite preservation of these functional are
Subtotal resection of these HGGs is also associated with postoperative neurological decline and r
of hematoma formatiodowever, | 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 peritumor al regions in expect

CONTRAINDICATIONS

Obesity sleep apnea, airway problems (elgonic cough,severe GERD)
History of anesthesia emergence delirium
Psychiatric issues (espnxiety, claustrophobiacognitive impairment
Uncontrolledseizure
Children <6-10 yearqdecreased cortical excitability):

1) awake craniotomies are not as well tolerated

arwNPE


http://www.neurosurgeryresident.net/

2) cortical stimulation mapping may not elicit motor responses (H: SSEPs are mordaiseful
identify central sulcus
6. Language baselinerrors > 2506 of objects namedorrectly at 4second interval88ecause

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
specific patientds sl atlesst56stides. Wheintee patienhhad norsa |
naming ability (i.e., 100% of slides named correctly), slides are presentegedidd intervals.
This allows quicker mapping with a higher current because of less temporal current summation.

Absolute contraindicationspatient refgal and inability to cooperate (confusiaiecreased level of
consciousness, moderate to severe dysphasia or aphasia, languageobarakility to lay still

Challenging pathologiesargelesions with marginal intracranial compliandegpseatedumors
requiing significant surgical retraction, highlyasculaidesions

Lesions that do not need mappingvell-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 LonserThis 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 interventavake-awake-awake craniotomy,
AAA) T MAC vs general anesthesia for asleep portion are equally safe.
B) patients sedateduring painful parts of surgefasleepawake-asleep craniotomy, SA$- may
compromise electrophysiological brain mappamd thus endanger patient's neurological outcome
Ott C AThe i mpact of sedation on br
interdisciplinary, clini7@)I11723r i al . @

Foley catheter is inserted.

patient should be advised tliaere may be some pain involvedura is pain sensitive!(less of
concern is awake procedure is done as a second stage after previous subdural electrode placer
i dura is already open)

1 if patient was not on anticonvulsants preoperatively, therapeutic loa8M&8hould be

administered

20% MANNITOL IV - maximum 0.5 g/kghigher doses will cause nausea and vomiting.

paralyticscannot be used (other than for induction).

general anesthetic mapping casesialation anesthetianust be minimized.

airway managemeituring the asleep phassupraglottic airways, such &syngeal mask

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

1 main challenge occurs amergence from general anesthesia and extubatiagitations,
hemodynamic fluctuations, residue anesthetics, unrecognized pain and discomfort, shivering, ot
nausea vomiting

1 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

1 language mapping only PROPOFOL(especially helps with nausea)d/or

DEXMEDETOMIDINE* (especially helps with stressful shiverifgtDANSETRONIs also helpful
to control shivering} facilitate mild sedation during opening and closing, and maximum
cooperation during mapping and resection phases; no naté¢aiicadditional anesthetic
medications!
*approvedfor sedation in nonintubatqmhtients by the FDA in 200&6ility to promote sleep
like arousable sedation whifeaintaining respiratory driye
**thus, goodfield blockwith 0.250.5% bupivacaine + 0:5% lidocaine + 1:200,000
epinephrine before drapirigalong incisiont+ base of scalp flap, £ nerve blocks (e.g.
supraorbital, occipital).
1 as the dural opening is begun, desflurane is turned offan@deNTANIL infusion of 0.10.2
mcg/kg/min IV is started.
1 by the time dural opening is completedsFLURANE has usually worn off and the LMA can be
removed
1 remifentanil is then titrated for pain control (neurophysiologic testing can usually be performed a
this time).

E R
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1 operation may often be carried to costn with the patient awake.
1 once the intracranial part is completed, more pain relief may be desired and general anesthesia
be needed for pain control or agitation (LMA may suffice here).
TABLE. Comparison of Intravenous Sedative Agents Used in Awake Craniotomy for Function Mapping
Drug Onset and duration Effects Cautions
Midazolam Onset (IV bolus): 1 to 5 min; Anxiolytic, amnesia, anticonvulsant Excitation or disinhibition, may induce motor
duration: <2 h discoordination, respiratory suppression
Propofol Onset (IV bolus): 9 to 51 s; Hypnotic, amnesia, anticonvulsant, Respiratory suppression, hypotension, may induce
duration: 3 to 10 min antiemetic, blunts airway reflexes euphoria, excitation or disinhibition
Dexmedetomidine Onset (IV loading): 5 to 10 Hypnotic, anti-delirium, mild analgesia, no  Respiratory suppression, hypotension or hypertension,
min; duration: 60 to 120 interference with electrocorticography bradycardia, slows gastrointestinal motility, prolonged
min duration
Remifentanil Onset: 1 to 3 min; duration: Analgesia Respiratory suppression, bradycardia, nausea, may
3 to 10 min induce hyperalgesia|

SCALP REGIONAL ANESTHESIA

After induction of propofobr midazolam sedatignvithout intubation, the local anéstic field block
is placed thepreauricular, postauricular, supraorbital, andoccipital nerves. By starting at these
points, placement of the remainder of the block is less painful.

Comparison of scalp block techniqués.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, respediiy€lycumferential scalp
block. The bold line in red color illustratirige infiltration of local anesthetics in the surgical field
surrounding the incision line.


http://www.neurosurgeryresident.net/

W.mum Notes CRANIOTOMIE S Op300 (8)
A B

Regional Nerve Scalp Block Circumferential Scalp Block

Craniotomy Skin incision

Skin incision Auriculo- Auriculo-temporal n

temporal n Zygomatico-

temporal n

Zygomatico-
temporal n

Lacrimal n.

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 skircend a
the registration accuracy. Consider injecting a lower volume of higher concentration agent (e.g.
lidocaine)

2) auriculotemporal nerve: 5 ml injected 1.5 cm anterior to the tragu€aution: to avoid
anesthetizing the facial nerve, inject jdsep to the subcutaneous tissue

3) postauricular branches gfeater auricular nerve: 2 ml 1.%£m 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

Supratrochlear n.

Supraorbital n.

Zygomatico-
temporal n.

«—— Auriculo-

temporaln.

Lesser
occipital n.

Greater occipitaln.

Third occipitaln.

‘ =block site

The entry point of the oriech, 25 gaugeeedle (just superior to the lateral aspect of the right
eyebrow is used for anterior scalpefd block:

|

POSITIONING

9 patient comfort is paramountshould be able to swallowijllows under knees and/or back
warming blanketvi deo moni tors displaying operative
sight

0 suping unlessmapping Wernicke ardalateral position

o to facilitate anypotentialemergency airway rescumjndful surgical positionings
important to avoid extreme rotation of the head and neck, and toddageate space for
lower chin mobilityto allow full mouth opening

1 significantly more time must be spent on patient positioning to ensure that they will be as
comfortable as possible without moving.

1 extra padding is employed.
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EJE

access to patientébés face is necessary for
patient supine with head on horseshoe headhd&fes;and head of bed elevated

Mayfield pin head holderis applied using local anesthegigse 80 Ibs for awake patiertsavoid

pin slip); alternativel useAxiEM or Neuro FrameLock systems without pinningiee p. Op30 >>

th e p a bheademudt @vsays be lateral or angled slightly above the has@tat thairway is

well protected and the patient can see the computer screen. Attention is doeetetpositioning

the head to optimize airway during sedation.

CRANIOTOMY

= =4

= =4

also see. E13 >>

at least 2 cm of the cortex around tumor perimieterexpose functional cortices
standard temporal or frontal craniotomy, but opemmgt provide access to all areas to be
mapped.
warnpathologistnot to announce frozen path results over loudspeaker.
before bone flap is elevateldcal anesthetic is injected through burr holés irrigate sensitive
dura.

o0 once bone flap is elevated, dura shouldbloeked around middle meningeal artery

o subtemporal craniectomysing bone rongeurs should be avoidedn be very painful
some patients awaken confused or slightly combatiitea is not opened until the patiest
completely awake and calm

MAPPING PRINCIPLES

For mapping in EMU seep. E13>>

Resources to read:

1.

2.

Keles GE, Berger MS. Functional mapping, in Berstein M, Berger MS (ddayooncology: The
EssentialsNew York: Thieme Medical Publishers, 2011.

Yingling CD, Ojemann S, Dodson B, Harrington MJ, Berger MS: Identification of motor pathway
during tumor surgery facilitated by multichannel electromyographic recording. J Neurosurg
91:922 927, 1999

Keles GE, Lundin DA, Lamborn KR, Chang EF, Ojemann G, Berger MS: Intraoperative
subcortical stimulation mapping for hemispherical perirolandic gliomas located within or adjacen
to the descending motor pathways: evaluation of morbidity and assessmenttioinfal outcome

in 294 patients. J Neurosurg 100:88%5, 2004

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

magnetic resonance imaging. J Neurosurg 72:383, 1990

Berger MS, Ojemann GA: Intraoperative brain mapping techniques in-neaodogy. Stereotact
Funct Neurosurg 58:1%361, 1992

Berger MS, Ojemann GA, Lettich E: Neurophysiological monitoring during astrocytoma surgery.
Neurosurg Clin N Am 1:630, 1990

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

Presented by Seattle Science Foundatick here to viewCortical Mapping

EQUIPMENT

M

T
T

EJE

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

brain diagramfor drawing electrode montage on the brain.
15-30 small (3 to 5 mm) paper numbeteadkets also usel-0 silk on pia to outline resection area.

Bipolar probei for high precisiorcortical mapping.
Monopolar probei for high precisiorsubcorticalmapping (1 mA = 1 mm; safe
t hreshednmB) i s O 4

bipolar electrode 1 mmat its tips, separated by 5 mm (maximum 10 mm).

16-array corticaklectrode and holder assembly (Grass M@igll; Natus Medical Inc)

EEG machiné use critical strip to monitor for afterdischarges (AD is a local seizgsmnot use
mapping due to false positive result [current spread]).

for language mappingslide projector (or computer slide show) with- 500 object drawings,
presented at a rate of one objectevely3seconds (depending on pa
for somatosensory evoked potentid@sontact strip electrode (with cable and connector), SSEP
machine.

AFTER DISCHARGE (AD) THRESHOLD DETERMINATION , SEIZURES

T
T
T

= =4

epileptologisthas to be present during cortical mapping.
AD is akin toa focal seizure
determining the AD threshold helps to prevent evoking clinical seizure activity and false
localization.
AAfterdischarge potentials indicate that
avoid unreliable mapping and cortical spr
using bipolar stimulator, beginning 2atmA currenfor 3i 5 secondsstimulate 3 to 5 areas of brain
region to be mapped, calling cugarest cortical electrodeontactto EEG team tavatch several
spots on the cortex are stimulated forshene duration as the planralject image presentation
epoch (3 or 4 seconds).
watch EC& for ADs: if nonejncrease current bj2 mA increments until ADs are elicit€this is
AD thresholdusually never6 mA)orup t o a maxi mum of & 10 mA
0 in pediatrics, ADthreshold has been shown to linearly decreateage
current 22 mA below AD threshold is used for mappiDg Berger uses same stim amplitude as
waseliciting AD; tumor wlume plus peritumoradema does not alter the current necessary to
achieve adequatmrtical mappig)
N.B. some experts think that currehigher than AD threshold may detect more eloquent
areas, but DrshoweB thatigherrstimslatisntthweshpld does read to a
greater number dlinctionalcortical sites identified
seizureis a top cause of failed awake craniotomies
if eitherpersistenADs or afrank clinical seizurdrisk is 2.254%in published series; per Dr.
Ber ger 6mostcammdnywittirontal lobestimulationbut seizure risk is not influenced by
oncological factors edema amount, WHO grade, molecular subtype or history of s@ina@ss
1 mapping is aborted
1 brainis irrigated withced irrigation fluid (e.g. Ringer)
1 increasingsupplementary oxygenconcentration
0 if a seizure persistsmallboluses oPROPOFOL(0.51.0 mg/kg) can be given

0 ALTERNATIVELY , MIDAZOLAM: ** is administered in-1to 2z-mg increments untillmical

seizure activity ceases; another alternatiVe&E THOHEXITAL (Brevital).

0 itis very rare to evoke seizures that persist or become problematic for continued mapping

0 if a seizure persists, despite reasonable doses of midazolam and irrigation of the brain with
fluid, anairway should be placedand the seizures stopped wathtiepileptic agents

* Rachel H. Muster et alThe Relationship Between Stimulation Currandl Functional Site
Localization During Brain Mapping. Neurosurgery 88:104850, 2021
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** may not be optimal slower clearance ambssible interference on
function testing

CORTICAL STIMULATION

1 BIPOLAR METHOD - current passes between two electrodes and stimulates cortex in more precise
control.

i if surgeon is willing to operate on awake patients, mapping and resection can take place during
same craniotomy movable bipolar electrode stimulatis used on exposed corterbserving
responses (movements, sensory feelings, language arrest).

d motor responseare contrations of muscle groups
0 sensory responseme perceived as tingling, vibration, light flashes, buzzing or ringing.

1 at the same time stimulated cortex is so completely occupied with electrical intrusion that it is no

available for normal function €Usy LINE EFFECT"):
i if patient attempts to use extremity involved in motor stimulatigueece, patient will be
unable to do so.
i functional speech areas are ineated; e.g.:
if current blocks languagg@ositive result} underlying cortex is eloquent for language
and spared at time of resection;
if language isnotblockegdnegati ve result) Y current
increased to, if possible, threshold for afterdischarges.

1 stimulation ofassociation areasloes not prduce activated response;

1 in epileptogenic zonestimulation may activate circuits habituated by epileptichdisge
(responses may be of perceptual illusions, "déja vu", memory of previous events).

1 positive cortical sités defined by its ability to elicia reproducible behavioral response in at least 2
out of 3 trials

Parameters

0 amplitude of 220 mA* (establishedifter AD determination)if a voltage based unit is
used, start at 1 volt and increase.

*for awake mapping, max.-60 mA (vs. asleep can go up to-26 mA).
biphasic square wave pulses (1.25 ms per phase)
deliver in 24-second trains
frequency of 160 Hz (8-100 Hz for language mapping)
subcortical mapping needs2ImA higher current.

Ox Ox Ox Qx

N.B. each cortical site is checked three times to ensure accaramystimulating the same area
repeatedlywithout a pause to prevent seizures.

)l

to hold the electrodeanepidural post, two options:

a) clamps to the skull
b) screws into the bone (e.g. €Eelectrode 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 carbetip electrodes (as shown), cotttip electrodes, and strip/grid

electrodes. We prefer carbtip electrodes because they maintain good contact with cortex while

permitting the surgeon excellent access for cortical stimulation:
NS O S g 7 -~ 4 K) “

1 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 primatgrmegions (M), primary sensory
cortex (S), and tumor (T):
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SUBCORTICAL MAPPING

(e.g. cerebral peduncle mapping)
1 use the samgr 1-2 mA higher)current needed for evoking movements with cortical stimulation.

Dr. Komotar uses 5 mA bipolar feortical, 5 mA monopolar fosubcortical mapping

REDO CRANIOTOMIES

1 if the dura is adherent to the underlying cortex and cannot be mobilized without a potential risk ¢
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
Co el | celexction dd intradperative tasks for awake mapping based on relationships
between tumor location and functional netwarksp u bl i shed onl i ne Sery
10.3171/2013.6.JNS122470.

Schematic diagram showing preferred testing paradigms for each site:

Frontal lobe Parietal lobe
Motor function (e.g movement of the upper imb) ‘ Sensorni-motor functions
Speech articulation (e.g. counting) Picture naming task (left)
Picture naming task | Double task (working memory)
Double task (working memory) Line bissection task (nght)
Semantic task of association and judgment (left) | Calculation (left)
Writing !

Occipital lobe
Visual field

Picture naming task (left)
Reading (left)

Insular lobe
Picture naming task
Senson-motor functions
Double task (working memory)

Temporal lobe
Picture naming task
Double task (working memory)
Semantic task of association and judgment (left)
Reading (left posterior)
Visual field (posterior)

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:

SUBCALLOSAL FASCICULUS THALAMO CORTICAL
RADIATIONS

Picture Naming Task (Left) EBM to Test Sensory Perception

PYRAMIDALTRACT OPTIC RADIATIONS

Contralateral Hemibody Motor Tasks Picture Naming Task
Double Task (Naming two pictures in opposite quadrants)

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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IFOF SLF

Picture Naming Task (Left) Picture Naming Task (Left)
Semantic Task of Association D_oublg Tas_k (Working 'Memory)
Task of Cross-modal Judgment Line Bisection Task (Right)

>

‘A

A g— ’”7
4
g

iy

UNCINATE ILF

Picture Naming Task (can be compensated) Picture Naming Task (Left)
Reading Task

MOTOR M APPING

1 anesthesiacan be performed iawake or asleeppatients(asleep requires higher stimulation
current).

1 if (shortacting) paralytics are used, it is critical to reverse these ager86 hinutes prior to
applying the electrical stimulation and that a trafffour muscle twitch can be elicited.

i establish currentcan be performedith or without concomitant electrocorticography (ECoG)

a) when using ECo33 electrodes are placed on the neck as reference for E@)|ate with
increasingly higher currents unéfter discharges (ADgre noted, se current 2 mA below
AD threshold for mappingsee above >>

b) when not using ECoGbegin stimulation mapping atr2A and increase current byZLmA
until movemenis evoked.

1 map- stimulate cortex vth bipolar stimulator for 23 seconds, observing any movement of
contralateral body MEP response

1 use EMG even in awake patient (MEP in EMG may be present at lower thresholds th
before patient reports contractjgrius, patient may be still too sedated)

1 during resectioystimulate withmonopolar while patient is continuously performing motor tasks.

1 gold standard ask patient to perform motor tasks (more sensitive than awaiting for
muscle contraction)

1 mA monopolar = 1 mm from corticospinal tract

if using 5 MAI_no risk to motor function!
Cortex may be silent, but subcortexot
(most motor deficits occur not from
neuron mechanical injury but from
feeding vessel ischemia)

1 recheck motor cortex stimulus threshold (e.g. via grid ovériitiX rises, if MEP (on EMG)
amplitude decreases, if spontaneous movement detlstep and reassegsrigate warm saline,
papaverine on vessels, correct)BP

MEP amplitude decreases O 50% (or <100

1 unexpected postop deficitsconsider DTI.

Dr. CohenGadol

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

hand; Sh: shoul der; Fo:‘foot). The | ocation
- o . "

B i % . e |

AN

 nondominant face motor cortexmay be removed Y only tempor a
return of facial function as long as the underlying white matter tracts for the adjacent motor
cortices were left intact.

i resection of cortices just anterior to motor cortex can lead to transient hemiplegia/hemiparesis o
supplementary motor area (SMA) syndrome.

N.B. do not start mapping / resection in SMAvill get falsepositive results!

Marco Rossi et al. Clinical Pearls and Methods for Intraoperitoter Mapping. VOLUME 88 |
NUMBER 3 | MARCH 2021

thelowf requency (LF) (or Penfi el dodrequenay,HR)iAza e)
general rulemotor mapping should initially be used on the cortical level to identify motor sites, in
order to identify a safe ea to perform corticectomyfterwards, 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 biprstgiare wave (0.5 ms of duration) delivered
by a bipolar probe continuously every 20, mgring 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 mot
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 ¢
overt movement or by electromyography (EMG) recording.2 The advantage of using EMG is that it
allows for the simultaneous monitoring of different body segseontra and ipsilaterally;

additionally, EMG recordings allows for the correct interpretation of the evoked motor responses an
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 (Fig
1A), showing clear somatotopy along the motor cortex, with a prevalent response of extensors to
flexors. When applied on the subcortical level, motot rgdruitment becomes tonic, with more
muscles recruited (Figure 1B).

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

infiltration and sharp margin®ccurring in patients with optimal seizure control and without
significant preoperative motor deficits or previous treatments-(iskvumors) (Table 3).2 Particular
caution should be applied subcortically when LF is used in combination with a caritesonic

surgical aspirator (CUSA) (ultrasorispirator), due to the occurrence of false negative responses, ar
in patients with a long history of seizures, previous motor deficits, or treatments. 43,45 In the latter
cases (highrisk tumors), LF mayriduce 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 (Tabled 2)&29

Therefore, while in lowrisk tumors, the use of LF enables a very high rate of EOR (>90%); in difficull
or highrisk tumors, the EOR drops <50%.2,7 False negative mapping differs from the concept of
negative mapping, ie, a condition in which notaragesponses 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 of16 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 identifie
motor sites in more than 40% of the cases, and this is associated wisk thfedeveloping permanent
motor deficits in 12% of case®n 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 |
the physiological properties of the paradigm, which induces a motor responsesenlthe probe is

in close vicinity of motor fibers.7

High-Frequency Stimulation Paradigm

TheHF paradigm is characterized by a monophasge pulse 0.5 ms in duration, delivered as a train
(interstimulus interval 28 m9, generally every second, either by a monopolar or bipolar probe.7 In th
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 probstifblation applied over

M1 induces motor evoked potentidddEPS), 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
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 suct
as MEP amplitude, MEP morphology, and latency of the resgomeethe stimulus. Althese data

help to correctly interpret the type of evoked responses obtained during stimulation and to perform
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). HRasinfluenced by the combined use of a
CUSA..7 These data support the conclusion lttfats the most efficient paradigfar 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 sit®laritbers (1 m1 mA rule).44 In

this condition, motor fibers are found in most conditions, the current intensity is progressively reduc
(starting from 10 mA to 12 mA) when nearing the CST, and when a subcortical MT of 3 mA is
reached, the site of stimailan is very close to the CST, with a chance of inducing a permanent deficit
below 2%.27,29,46 Of course, the subcortial should be adapted to the clinical context and varies
according to clinical or r ardiiok ®@ gmatadr ftewwrhairr
particularly in the case of difficult tumors (eg, with multiple previous treatments), theigraraould

be tuned to the clinical context with the use of flexible approaches such as the increase in the numlt
of pulses (train of -B) and/or pulse width (56800 ms). This allows for the elicitation wfotor

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 switglirom the monopolar to bipolar probe, which has
higher focality (Table 2). This is relevant in the case of tumors involving and extending toward M1, «
to the SMA.23 In generaF stimulation has been proven to be a manesatile and safepproach in
comparison to LF, with less risk of intraoperative seiz(x@% even in difficult casegnd almost no
chance of inducing (false) negative mappidyg.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
higherin the case of higigrade tumors

ADVANCED MOTOR MAPPING The standard approach has been proven to be efficient in most
tumors that involve M1 and its fibers (Table8)1 However, it has limitations. For example, when

used in the case of tumors involving R¥parietal areas, preservation\di and its fibers is not

enough to preserve motor performance. As reported by Rossi atsigiBificant proportion of patients
undergoing surgery under general anesthesia for tumors withamedstance from the central sulcus
developed hand apraxia after surgery, despite the absence of new permanent motor deficits. Aprax
a highly debiltating motor impairment that severely impacts the ability to perform higkilied

mot or movements, which is difficult to rehab
fact, motor function requires a lot more than simple muscle contractions. We previously described t
role of nonprimary motor areas in performingaddeapt i ng movements to th
important role of subcortical neural networks in connecting these cortical areas.16 Hence, while M1
and its descending fibers can be identified
structures involved in a higher level of motor programming and movement control (eg, grasping
networks) can be mapped only in the awake settwile 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 tdtaskadient to
continuously perform a repetitive voluntary arm movement (fleextension) and to observe the
interferences generated by DES during the task performance. This allows for the identification of
cortical or subcortical sites that when stiated cause an interruption of the ongoing movement.18,48
Recently, a more advanced intraoperative test, namdthtitemanipulation- task (hMT) has been
developed by Rossi et al. During this task, the patient is asked to perform a rotational movement wi
the hand, using a tool shaped like a screwdriver. 8 DES is applied, causing several interferences w
the ongoing movement when various catiareas (S1,M1, vPM) or tracts-@8haped fibers, superior
longitudinal fasciculus (SLF)) are stimulated (Figure 3).15 The hMT, in comparison to the simple ar
movement task, introduces timyestigation of sensorymotartegration, a crucial component of motor
control Both tests (hMTor 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 tas
can detect sites in the white matter of the frontal or parietal lobe, but at the mtradali patterns of
connectivity identified by DES during execution of these tasks is not known. One hypothesis is that
they can detect a human homol ogue of the dl a
clinical use of these tasks dramsatly reduces thécidence opostoperative ideomotor apraxia

(global incidence 2.5% when tasks are used in comparison with 50% when they are not applied) ar
the need for postoperative rehabilitation (5@%).8 This effect was particularly evident in patients
with nondominant hemisphere tumors.8 Of interest, tkeofithese 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 limitabn 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
the associated high rate of postoperative morbidity. Consequentiyitediiapproach consisting of a
biopsy was generally proposed. There are very few data available on the use of LF stimulation in th
type of tumor surgery (Tables3). LF works mainly in awake conditions and identifies cortical motor
sites in around 90%f @ases.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,
a 10% chance of severe permanent deficits.2 In this setting, LF wanticufarly 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 representedlbiibers. 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 mappin@bortion. 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 th
cortical level and the margin of resection is improved, affording a GTR in maor& 8% of patients

with a very low morbidity (<2%). The standard paradigm works better in tumors reaching the surfac
with sharp margins that show contrast enhancement.23 In cases of patients who received previous
treatments (particularly RT), the standpatadigm 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
the cortical and subcortical level, an increase in the train (train of 7 or 9) or puleg%28800 ue s )
may be needed (Table 2). This affords a high rate of complete reqe@@) and a low

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

of enhancement or of despated tumors, a combined standard and reduced train (1 or 2 pulses)
approach is recommended to achieve abianapping.23 In fact, while the standard HF technique (5
pulses) often evokes MEPSs in most of the explored cortical sites, the reduction in the number of stir
(2 or 1) allows for the definition of negative cortical areas inside the precentral gyuad\uocated

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
CST. This combined approach enatiee resection to be extended (GTR > 88%), with a low
morbidity (<2%). Overall, these datadicate HF stimulation is highly versatile and is ablestach

reliable mapping in most clinical conditions. To perform a reliable cortical mapping and identify a sa
cortical entry zone, the assessment of the cortical Motor Threshold is crucial; subcortically,
fundamental is the estimation of the minimal aiiste between the probe and the functional motor
fibers. It is preferable, when this advanced approach is applied, to use general anesthesia, allowing
stable cortical excitability needed for the reliable evaluatiaglaxftrophysiologicafjuantitative
parameters (ie, MEP amplituderrent intensity), which are generally quite variable in awake
condition. Moreover, HF stimulation is less ictogenic, even in patientsaltéted 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 moto
functions, because postoperative deficits may devalega 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 N
and somatosensitive eked 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 excitabilityo deliver reliable mapping, it is important that EEG and ECOG
activity are continuous, avoiding any burst suppresdibis reduces the chance of negative mapping
(due to reduced cortical excitability) and the need to apply-tugkent intensities. The use of MEPs
allows for continuous evaluation of the functionality of motor pathways, and they are very sensitive
vazular damage.49 Often, the use of MEPs is associated with that of SSEPs, which provide additic
information as to the maintenance of good vascular supply. MEP monitoring can be obtained either
the use of transcranial electrodes (TCD) or by the usertital 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.3%406ording to the montage in use (€A or C3C4),

MEPs from the lower or upper limb are monitored. It is generally recommended not to apply too hig
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 opemingosure. MEP monitoring is predictive of motor
outcome. The occurrence of reversible or irreversible loss of MEPs during the procedure is associa
with a high chance (80%) of developing motor deficits and poor motor outcome. There is no conser
onthe 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
the pathway and should be referred to the surgeon diméngrocedurén order toundertake the

proper measure to reduce the risk. However, particularly in the case of insular tumor surgery, chan
in MEP recording may occur suddenly (in less than 3 s) and at the end of the resection time or duril
closure, highlighting the currentficulties 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 outbeaiien

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 potdidicommoty used as a warning criterion.

A special application is the techniqueSBEP phase reversale, the recording of an inversedrtical
SSEP potential over M1, to determine the central sulcus. Many surgical teams that are experiencec
with cortical mapping do not use this methodology, as they find direct cortical mapping providing
more precise information.7,27 Nevertheless, SSkR@reversal is an excellent tool that is of
considerable help in cases of distorted anatomy or inconclusive mappuits.

ANESTHESIA A crucial point is to decide whether to perform the motor mapping under general
anesthesia or in awake conditions. Unfortunately, no conclusive dataaaliable on this matter. Pure
motor mapping can in fact be safely and efficiently performed under general anesthesia, albeit with
limitations previously described. Nowadays, the decision to perform motor mapping under awake
anesthesiaorintheastee setting i s based mostly on the s
point of good practice, if the patient is in good neurological conditions, shows no sign of motor defic
or apraxia, and is harboring a tumor within 2 cm from the central sufeiadbption ohdvanced
mapping in awake conditions should be considered, to fully maintain high skilled movéimetats

also preserve the latemgilasping network).8 However, the choice of the strategy should be tuned to tl
patient conditions, needs, and type of tumors (volume, extension, and contrast enhancement). Whe
the surgeon decides that patient collaboration is needed, the use of araasikegsleep strategy can
hel p. 48 This technigue decreases the padnd ent
also, by ensuring an adequate control of arterial and venous blood pressure, facilitates hemostasis
the conclusive phase. Importantly, this technique allows to constrain the time needed for mapping t
the clinical context: a long cortical/subcorticaapping 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 comatextthe 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 thavailability 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 neuropfyysieltrained
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 an
volume load.

Dr. M. Berger rec60 Hz, bipolar, start at 1 mA)

For cases conducteshder general anesthesiastandard neuromonitoring with electromyography was
performed and the anesthesia team and surgical assistaiched for motor responses.

Forawake 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 withnas&c constanturrent squarevave

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 asksgs, stimulus intensity was increased up to 16
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MA, in 2mA 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 resectio
was stopped. However, if the patient was awakerishe was asked to move the body part that was
positively stimulated. Subsequently, the resection was continued, a millimeter or so at a time, until t
patientdos function diminished.slightly and t
Ischemic events can be caused either directly by coagulating an en passage small arteriole or indir
when there is vasospasm within or adjacent to the resection cavity. Great care must be taken durin
resection, and thieipolar cauterys 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 ofter
occurs when resectirggthin cuff of tumor at the margin. When this is seen, especially for a larger

artery or arteriole, we administeAPAVERINE 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 ische
A: Spastic artery in resection cavity. B: Papavesnaked pledgets on the vessel. The pledgets were
placed on the vessel for approximately 5 minuBesSubsequent vasodilation:

L B
@ L 7

While eitherasleepor awake motor mapping is acceptabbayake craniotomies are preferyed

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 allow
additional resection after the positive caatisite was identified until the patient developed a slight
deficit. This allowed us to achieve greater extent of reseittieach individual case than what would
have been achieved if the patient were under general anesthesia.

Monopolar stimulationis a valid alternative to the @8z 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 sulcusnder general anesthesiac@tactrecording
strip is placed perpendicular to the anticipated n't r a |l s utype stimulatfon & Eafteral
median or tibial nervephase reversal of N20/P20 peak between a pair of electf@desnd 5 in
example belowindicates that those eleattes straddle the central sulcus:

(S8
.+

w

h

P20

P20

SENSORY MAPPING

1 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

i anesthesiacan be performed iawakeor asleeppatients with minimal muscle paralysis.

1 median nerve or tibial nerve stimulating electrodes are placed contralateral to hemisphere wher:
SSEP testing is to be performed.

1 place 8contact strip or grid electrode in transverse (axial) orientation, traversing presumed centi
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 gyrt
move strip electrode and repeat procedure to verify accuracy.

because the brain is not being directly stimulated;ures cannot be evokwith SSEP mapping.

E

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 M APPING

1 anesthesiarequiresawake patient(vs. SSEP mappingdone asleep).

1 establish currentcan be performed with or without concomitant electrocorticography (ECoG)

seeabove >>

1 map- stimulate cortex wh bipolar stimulator for B seconds, having patient report after each
stimulation epoch any sensation in the contralateral body.

LANGUAGE M APPING

Neurosurgical atlas
https://www.neurosurgicalatlas.com/volumes/braimors/supratentoriscdnd posteriorfossa
tumors/languagenappingfor-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

Philosophyy Dr. Russell Lonser
Nothing done preoperatively replaces direct stimulation for languasjeis to build the best structural
and functional model before surgery and then decide whether intraoperative language mapping is
realistic(significant aphastaexcludes awake language mapping
*baseline naming error rate > 2584he accepted contraindicatibacause
stimulationinduced errors cannot be separated from baseline errors, and
sedation and analgesia further degrade residual function
H: reassess after steroidsigh-dose dexamethasone can improve edestaed
aphasiaenough to bring a patient under that threshold and should be tried befol
a final decision
1. Multi -fiber tractography with probabilistic tracking - the foundatioH! - gives a working
deep boundary
1 tensorbased DTFails at crossing fibers and underestimates tracts in edema and
infiltrative tumor.
1 checkarcuate fasciculus superior longitudinal fasciculus inferior fronto -occipital
fasciculus (IFOF), andfrontal aslant tract.
9 tract that appears absent in infiltrated white matter is often still present
2. LanguagefMRI
i for noncooperative patiengsting-state fMRI is most useful tasitree functional study
- agrees well with stimulation for lateralization and regional localization, thoogfor
boundarie$
3. Navigated TMS- language mapping requires naming but retains negative predictive value in
moderate deficits
4. Speech pathology characterize the deficit.

If patient is norcooperative, surgery can Hene asleep with tractograplgfined language
boundaries, a more conservative margin near the dorsal and ventral languageYststagesd awake
resectionif language recovers.

There are two ways of language mapping
a) fMRI and/orpassive ECoG showcritical andparticipatingcortex
b) ESM (electrocortical stimulation mapping)delineateritical cortexi thus, used as a
gold standard to guide resections

1 anesthesiapatient must bawakeandcooperative(only anesthetic agentisat may be used are

narcotics); exception CCEP (corticecortico evoked potential, Brog¢a-Wernicke) mapping of

arcuate fasciclé can be done asleep

employneuropsychologidb assist.

stimul ati on s equ e nspeecharfeatwithounaaytnmvement inBroghgrgnx (

Y Wernicke.

1 cortical electrodes are placedBZm 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 (typica

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 thresholdis determined by responses in losensomotorstrip (N.B. speech testing

response cannot be considered negative unless dionutarrent threshold has been established

by reproducibly positive responses elsewhere in same patient).

i stimulation usingpalancedbiphasic square wave pulse$50-60 Hz, 0.54 mspeakto-peak and
2-16 mA* per phase) is administered \aolar electrode with 510 mm interelectrode distance.

*experts sayif no speech disturbancg B-7 mA then it is safe to resect

= =

= =4 A

1 while patient is performing language task, current is applied to gogeprior to display of
object, continuing until task is performed correctly or next task appears.

f patients over age & 40 uswually need readi ng
their own available in the O.R., although t

Language task@vhile intermittently stimulating

a) objectnamingpresented for a-8-second duration (rehearsed preoperatively with the
neurophysiologistj for \Wernicke errors define areas of essential language cortex; this may b
evidenced by complete speech arrest, significantly slowed speech, or paraphasic errors

b) reading

c) word-naming interference for ventral language pathway

d) sentence generation while looking at picturfer dorsal language pathway

e) following simple and complegommands

f) comprehensiorrepetition spontaneous speech.

g) couningi for Broca
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https://www.neurosurgicalatlas.com/volumes/brain-tumors/supratentorial-and-posterior-fossa-tumors/language-mapping-for-glioma
https://www.neurosurgicalatlas.com/volumes/brain-tumors/supratentorial-and-posterior-fossa-tumors/language-mapping-for-glioma
https://www.vumedi.com/video/aans-2026-insights-neurosurgical-language-mapping-with-subdural-grids-strip-electrodes-and-depth-ele/?token=47f52101-f5ed-4925-89dd-45f7a3e387a5&utm_source=%5BEmail%20Subscription%5D%20Neurosurgery%20%7C%20Spine_178490&utm_medium=Video&utm_campaign=AANS%202026%20Insights%3A%20Neurosurgical%20Language%20Mapping%20With%20Subdural%20Grids%2C%20Strip%20Electrodes%2C%20and%20Depth%20Electrodes&utm_content=AANS%202026%20Insights%3A%20Neurosurgical%20Language%20Mapping%20With%20Subdural%20Grids%2C%20Strip%20Electrodes%2C%20and%20Depth%20Electrodes&utm_term=Cortical%20Stimulation%20Mapping&link_data=eyJidWxrX21haWxfYWN0aW9uIjoiYyIsInJlY2lwaWVudF9pZCI6MzMxNTg0ODAyNiwibWFpbF9pZCI6MTc4NDkwfQ%3A1wNpOG%3Ar3UHzr8xR_QtPwfLN0aRBLmxnSL3BRMfiCvt5sUK0Ek&mail_id=178490
https://www.vumedi.com/video/aans-2026-insights-neurosurgical-language-mapping-with-subdural-grids-strip-electrodes-and-depth-ele/?token=47f52101-f5ed-4925-89dd-45f7a3e387a5&utm_source=%5BEmail%20Subscription%5D%20Neurosurgery%20%7C%20Spine_178490&utm_medium=Video&utm_campaign=AANS%202026%20Insights%3A%20Neurosurgical%20Language%20Mapping%20With%20Subdural%20Grids%2C%20Strip%20Electrodes%2C%20and%20Depth%20Electrodes&utm_content=AANS%202026%20Insights%3A%20Neurosurgical%20Language%20Mapping%20With%20Subdural%20Grids%2C%20Strip%20Electrodes%2C%20and%20Depth%20Electrodes&utm_term=Cortical%20Stimulation%20Mapping&link_data=eyJidWxrX21haWxfYWN0aW9uIjoiYyIsInJlY2lwaWVudF9pZCI6MzMxNTg0ODAyNiwibWFpbF9pZCI6MTc4NDkwfQ%3A1wNpOG%3Ar3UHzr8xR_QtPwfLN0aRBLmxnSL3BRMfiCvt5sUK0Ek&mail_id=178490

CRANIOTOMIE S Op300 27)

0 interruptionor perseveratioof counting is indicative of local cortical involvement in
speech Y identify sites by numbered ticl
0 automatic verbalization, such as counting, is robust and may persist!!!
h) language tests for representation in temporal {di@e/epatient to performmecitation of rhyme
(gives more reliable results than counting).
0 arrestalteration of cadeng@honemic / semantic / syntactic errare irdicative of speech
representation in stimulated area.

9 spread of epileptiform dischargé®m nearby regions of brain, howevean confound
identification of regions of primary language cortex;sHbdural grids adjacent electrodes
monitor AD potentials to exclude this possibility.

1 many peopldavemultiple language areas finding one language area in either the temporal lobe
or the frontal lobe does notean that mapping is completthe entire area at risk should be
mapped.

0 occasionally, there will badditional isolated area of speedh temporal cortex (separate
from, and some distance antgrto, remainder of temporal speech area); interfee with
speech from stimulation of this area may be transmitted (H: place cottonoid pledget soak

with 0.5%LIDOCAINE withoutepinephrineover convolution at that point for 5 minf
there is no interference with spontaneous speech or recitation, area may be safely resect
1 in multilingual patients, each languagemust be mapped.
0 injury to the native tongue woudlisrupt all languagéunction.
d injury to secondary languages would not affect the native language.

N.B. mapping is only the first stefuring resection, the surgeon masbid injuring subcortical
connections and vascular structundhen in doubt, the patient should be kept awake and continue the
objectnaming task until the risk period is over.
9 if the surgeon canndind the language area patient should continue objec@ming throughout
the resection.
1 resections are kept a minimum ofrh érom positive language sitesu{cal patterns may warrant
modification).
1 postop immediateanguage deficitarefrequent but transier(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 thephdiagiay
of a neuronavigation system, remats the boundary of an underlying lesion.

SUBCORTICAL LANGUAGE PATHWAYS - DISTRIBUTED LANGUAGE MODEL

(replaced old schod\Wernickearcuate fasciculuBrocad concep}

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

2. Ventral semantic stream- mediated by a direct pathwalf=OF) as well as by amdirect pathway
composed ofLF, and then a relay at the temporalgoahd the uncinate fasciculus.

OPTIC / VISUAL MAPPING

Pending read:

Contents lists available at ScienceDirect

Clinical Neurophysiology

El SEVIER journal homepage: www.elsevier.com/locate/clinph

Cortical and subcortical intraoperative-monitoring of the visual pathway
under general anesthesia in epilepsy surgery

l_t!,l

Flavia Maria Zauli “"¢, Martina Revay “*, Michele Terzaghi **, Michela Solbiati *“*,
Chiara Maria Cassani “"¥, Massimo Cossu ", Piergiorgio d’Orio“, Laura Castana“,
Francesco Cardinale ', Ezequiel Mikulan®’, Ivana Sartori"

9 flash stimulation (e.d-ED goggle$:
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CRANIOTOMIE S Op300 g9

LED Goggles

1 depth electrodesare used for subcortical (optic radiation) mapping.

1 SEEGin calcarine cortex spike at 36 ms:

9 electrode stripover calcarine cortek spike at 41 ms:

CALCARINE FISSURE LOCALIZATION

Before SEEG - Looking at the activation of appropriate

fMRI tests
» Gyral and sulcal pattern, separating the

lingual gyrus from the cuneus » During SEEG

Looking at the vascular pattern, » Clinical effects of stimulations
recognising CA-PO, calcarine and parieto-
occipital branches of PCA » Visual Evoked potentials (VEP)

Searching for the thinnest cortex in the > During surgery
occipital area

» Navigation

Searching for active metabolism, higher : i
than in neighbour regions if fdg-PET was > Visual Evoked potentials (VEP)
acquired while eyes were open

Looking at the termination of the optic
radiation

1 electrode sip across calcarine fissureseephase reversatame as across central sulcus.

Contacts 12 are above calcarine fissure, contact 4 is below, and contact 3 is over fissure:

£
o
o
a
o
<
o
=

MAPPING OF HIGHER -ORDER FUNCTIONS
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1 deficits of higheto r d e r

motor)

Hugues Duffau. New Philosophy, Clinical Pearls, and Methodmfaaoperative Cognition

Mapping and Monitoringi = | a
functi

carteo
ons

Brain

maybe mor e

di sabl

1 deficits of higherorder functions are detectable only on neuropsychological téstesgling

surgeon

t o assume

ino

postop

deficito.

1 mappingof functional connectomeequires awke craniotomy and special taskedtime
cognitive monitoring):

DLPFC and IFOF
(laterally) FEF and its
fibers (posterolaterally)
Cingulate fibers
(medially)/AF(laterally)

movement task

Semantic association task (PPTT,

Dual task every 4 sfhack
task/Stroop
Mentalizing task (RME)

Lesion location | Pathways Intraoperative tasks Risk of transient
postoperative
worsening

Frontoprecentral | FST (posteriorly) Bimanualcoordination/fine Complex movement

deficits Verbal and/of
nonverbal semantic
disorders
Attentional/executive
functions deficits
Behavioral
disturbances

Parietoretrocentral

Thalamocortical tracts
(anteriorly) Posterior
cingulate fibers
(medially) Optic tracts
(posteriorly) Right SLF
part Il (laterally)

Somatosensory
Bodily awareness
Visual field testing
Line bisection

Dual task every 4 s/ITMTB

Somesthetic deficits
Body schema deficits
Visual field deficits
Spatial cognition
disturbances
Attentional/executive

Frontoparietal functions disorders
connections

Temporal IFOF (upper limit of PPTT/RME Semantic/behavioral
resection) ILF Visual recognition deficits Visual
(posteriorly)/optic tracts hemiagnosia/Visual

field deficits

Insula IFOF (deep limit of PPTT/RME Semantic/behavioral
resection) Somatosensory deficits Somesthetic
Thalamocortical tracts deficits
(posteriorly)

AF=arcuate fasciculus; DLPForsolateral prefrontal cortex; FEEfrontal eye fields;
FST=frontostriatal tract; IFOF=inferior fronto-occipital fasciculus; ILEinferior longitudinal fasciculus;
PPTT=Pyramidal Palm Tree Task; RMRead the Mindn the Eyes Task; Si=superior longitudinal
fasciculus; TMTB trail making test part B.

RESECTION TECHNIQUE

Using navigation andusure strip outline tumor on g@isurface (recording subdural strip electrode is

seen at the upper right):

.............

.......

L
S, ¢
)

Using bipolar stimulator and paper tickets map cortex:

T u B30, 20Pla t i
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Handfinger areaoverlaps tumor; corticotomy is made away from functional cortex margin and later
subpial dissection with subcortical mapping approaches the functional tissue:

T when resecting in motor area, T eseotherwlseesi o
SMA syndrome will interferg

CUSA/ SONOPET

1 FCD resection:dwestamplitude/power that still fragments tissug-CD is soft and does not need
aggressive settinydow-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!
1 small-bore tip(e.g.Sonopet outer diameter 1.9 mm) is well suited to the narrow, deep subcortical
corridors.
1 modestsuctionwith irrigation adequate but not poolirdy a fluid bridge in the cavity shunts
stimulationcurrent and falsely raises the apparent threshold.
1 CUSA-induced conduction block smultaneous ultrasonic aspiration near the CSTatanlish
previously present motor responses in a fully reversible m@&nrear apparent falseegative map.
1 practical ruleiturn the ultrasound off for the confirmatory ldgtweshold checkuse
continuous mapping to know when to slow down, then stop the ultrasonic energy anc
re-map at that spot before deciding the tract is not there.

COMPLICATION AVOIDANCE

1 after mapping is complete, borders of the surgical resection are identified based on the operativ
goal and location of eloquent cortex. The surgical resection border is identified with silk suture.
Resection proceeds with the patient again placed umdpofol 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 tihgoes back to sleep.

N.B. resections within 1 cm of language coreaxry significant risk of permanent
postoperative language deficits.

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

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

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 sacrificelood 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.

EJE

1 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 a
the end of the operation, but worsens on the firstopesative day, the opportunity for meaningful
recovery is substantial. However, a significant decline at the end of the operation usually signifie
an irreversible direct or ischemic injury. The most common reason for neurologic decline on the
first postoratve day is subclinical seizures or hypoperfusion stroke.

MULTISTAGE SURGICAL APPROACH

1 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.

1 reoperation a few months or years later (depending on the neoplasm) with an increas
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>>

I NDICATIONS

Olfactory groove meningioma.

1 lumbar drainleave clamped)r. Broaddus prefers no.
N.B. lumbar drain helps but does not save poor closure

DETAILS

1 register for neuronavigation (e.g. Stryker mask)
1 Dbilateral nasal cavities decongested with NeoSynephrine moistened pledgets.

ENT parti operative edegree endoscope:

1 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.

il
1

Neurosurgery part:
f coagul ated dura Y durotomy over the tumor
1 tumor removed in piecemeal fashion using ring curettes and pituitary rongeurs.
1 30 degreeendoscope to inspect the tumor cavity for additional tumor tissue.

ENT part- reconstruction
1 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.
1 bothnasal 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.

= =

1980si free tissue graftgonlay, inlay)i success for CSF leak repair 90% &raftempt (96% on
redo);
Gasket seal closurdascia lata or AlloDerm (enfolded into bone defect), then vomer bone
or Medpor, then cover gasket edges with Surgicel.
i avoid Medpor if will need radiation (rather use AlloDeirnmtegrates into tissues)
Button graft closure grafts on both inside and outside of bone defect, grafts sutured
together to keep in place.

Modern 1 vascularized nasoseptal fldped by sphenopalatine artery.
1 48 hrs cefazolin IV (for extended flapgriple antibiotics).
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i alternatives middle turbinate flap, palatal flap
1 Janusflap T bilateral flaps (so each flap can be smaller).
1 of course, even vascularized nasoseptal flap needs good multilayer free graft closure

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

FRONTAL (UNILATERAL) CRANIOTOMY

Position supine, head rotated slightly to opposite side

Pinsi single pin on craniotomy side and just behind auricle (too posierisk of slippage); two pins
along superior temporal line:

N.B. place Mayfield as far posterior as possibleery difficult to close corners!pull scalp
(holding hair) forward during pin placeménwill have less trouble closing!

Incision
A. L incisioni for posterior lesions
B. Keyhole supraorbital incision
C. Incomplete (3/4) bicoronal incision

f incision does not need to go all the way to the zygomatic iijcist needs to bé as low as the
orbital roof
1 unlike pterional craniotomy, usually do not need to incise the temporalis muscle and fascia
dissect the flap off the muscle/fascia, iemve temporalis muscle intadtneed to get low
towards orbit, need to incise temporalis fascia and reflect it together with scalp flap (to prevent
violating fat pad with frontalis branchjr. Broaddudeaves temporalis fascia intact and just
reflects the scalp.
1 4burr holesi 2 at or 1 cm posterior to coronal suture (next to midline, just above temporalis
insertior); 2 frontal
0 cosmetically best just 1 bur hole at keyhole; consider HydroSet for closure and low profile
cranial plates

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

1 incisionwithin theeyebrow(not above eyebrow}) perfect cosmesis.
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- areas irbluecan be seen during craniotomy; areas' i cccannot be seen (H: add
endoscope).

BIFRONTAL CRANIOTOMY

| NDICATIONS

Anterior skull base
Frontal bone

POSITIONING , PINNING , | NCISION

Position supine

Pin placemenit as posterior as possible:
N.B. pull scalp (holding hair) forward during pin placemémtill have less trouble closing!

Incision
1 starts 1 cm anterior to tragus (in skin fold) at level of zygoma (or above)
1 extends vertically up, curves anteriorly (always stays behind hair line); lazy omega at midline
(Dr. Broaddugdoes not use it).

FRONTO-TEMPORO-ZYGOMATIC
CRANIOTOMY

indicationi sphenoidving meningioma.

exposes temporal fossa floor.

incomplete bicoronahcision

leave temporalis cuif 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 Y use
entire temporalis anteroinferiorly together with atediygomatic arch (during closure reattach
zygomatic arch with Adogboned plates at es

= =4 =4 =4

SUBFRONTAL CRANIOTOMY

1 ideal for olfactory groove / planum sphenoidale meningioimasough unilateral (with %
bicoronal incision) craniotomy as apgich is mainly interhemispheric.
91 Dr. Broaddusmay not use pinning (uses horseshoe head holiefikes full bicoronal incision
(no mi dl i néd maylbecame visbie glua todair loss)
make pericranidlap (reflect it anteriorly and wrap in wet gauze).
need to incise temporalis fascia to lift it up together with scalp flap (i twgweserve frontalis
branch);Dr. Broaddudeaves temporalis fascia untouched and only dissects scalp off.
1 bur holes
a) posterior over sagittal sinur. Broaddus one bur hole right over sinusy. JRC- two
small bur holes posteriorly on the sides of sagittal sinus (uses matchstick doill bit
connect bur holgs
b) anterior midline burr hole (just above frontonasal sutyyeften frontal sinus is thick and
impossible to cut with footplate, plus, risk of SSS damag®ysBroaddususes C drill bit
to remove circle of bone in anterior wall of frontal sinus (at the end places bone circle ba
adf i xes with dogbone) Y use Acorn, Kerr |
sinus.

= =
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