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CRANIOTOMY DETAILS T see

SYLVIAN FISSURE DISSECTION T see

PITUITARY TUMORS 1 see

COLLOID CYST 1 see

VESTIBULAR SCHWANNOMA T see

LASER(LITT) T see ; dso see individual

1 surgery is scheduled on elective, but preferably urgent, basis.

PREOP

VASCULAR STUDIES

Detailedpreopimaging studies- large lesions may distort normal anato(agp. vessels consider
CTA or even DSA)!
1) preopembolization
2) intraopfeederand venous drainagdocalization and early contrdo(esp.prior to
interhemispheric dissectipn

EMBOLIZATION

Preoperative embolization is for very vascular benign tumors
i usually skull base meningiomas!

1 goali to decrease intraoperative blood leshrectly related to deposition of embolic material as
deeply as possible into the intrinsic tumoral vasculatsreall particles, which can penetrate 100
micrometer or smaller diameter vessels

1 beware dangerous anastomases

Embolization isnot forethmoidal feederis need to catheterize ophthalmic art&ry
risk of blindness!

DETERMINE RESECTABILITY

In almost every instance in which brain tumor is diagnosesti,consideration is its surgical
resectability (exception- multiple brain metastases)

Surgery should be first therapeutic modality for tumor!

1 even potentially curable tumors (suchvasINGIOMASOr ACOUSTIC NEUROMASMay reside in
positions that make complete resection technically impossible!
1 only 46% of malignant gliomas in USA are gross totally resected (mostly for fear of functional
deficits other glioma$ only cytoreductive resectionhow it can be improved:
1. fMRI for cortical mapping (BOLD- shows increased venous drainage [not electrical activity
of neurons] from active cortex).
2. DTI (tractography) for subcorticalstructures to see ot if tract is involved (usually that
can tell clinically) but whereloquent tract is displaced by tumor (so will see how safely
approach tumor)
3. Awake craniotomy.

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!

INTRA-AXIAL TUMORS

1 not alwaysamenabldo RADICAL surgical resection;

i mostgliomaslack microscopic boundaries!; glioma cells may migrate several
centimeters along white matter pathways, including corpus callosum, making
complete resection impossible.

I nonglialtumors generally grow by expansion.

1 debulkingevenof malignant gliomas has some benefit (cytoreduction).
N.B. brain stem tumorare not amenable to surgical therapy (even biopsy is hazardous!)
1 solitarybrainmetastasiss indication for surgical resection (depending on systemic medical status

1 avoidradical* operations on tumors involvinganguage areas, sensorimotor regions, basal
ganglia, corpus callosum, brain stem.
*partial removal may be surprisingly effective (if resection is confined
to tumor itself, it rarely produces major new neurologic deficits)
1 functional imagingfMRI, DTI tractographyXacilitates surgery by showing that tumor has pushed
aside critical brain structures.

EXTRA -AXIAL TUMORS

1 potentially curableby surgeryif not locatedwheredifficult to reach surgically.

CSF DIVERSION

a) when there is &igh risk of postop CSF leqle.g. before transphenoidal resection with tumor
invading diaphragma sellp¥ lumbar drain

b) tumors causin@pydrocephalugesp. posterior fossa@)low threshold to puEVD (drain at > 15) or
at least prep for Frazer burhole.

ANESTHESIA

1 in era of modern neuroanesthesia, it is rare that craniotomy must not be done because of poor
general medical status.
1 anesthesiavith lack of effect on ICP.
T increasing number of resections in dominant hemisphere are done under local
anesthesia for purpose of speech mapping.
1 ™MANNITOL (1 g/kg) +hyperventilation (Pco225-30 mmHg) for definitive ICP reduction in
preparation for brain retractioagministration timevariesi some experts give only at the
beginning of Abone wor ko, [bBhadusil gi vakats I
for mannitol to start working and those 30 minutes are with increased rheological bleeding;
mannit ol peak effect | asts several hour so) .
DEXAMETHASONE (usually 10 mg IV)should be administerdzefore manipulating nervous tissue
AED if cortex will be violated or significant retraction of lobes is expected.
some routinely administ@rROMODEOXYURIDINE IV (during induction of anesthesiajumor
labeling on fixed tissue postoperatively.

E
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APPROACH SELECTION

For craniotomy details see
Tumors that reach cortical surfaceare approached throughaniotomy at that site.

Subcortical tumors are approached through:
a) deep sulci(vs. gyral crown) avoiding eloquent areas (e.g. approaching lesion obliquely).
i cortical incision is & 3 ¢cm in |length
b) anterior corpus callosum(causes minimal, if any, deficit).
c) dilated ventricles (intraventricular neoplasms).
71 localization of subcortical tumars
a) intraoperative ultrasonography
b) neuramavigation
c) chemonavigation

Skull base tumors
Anterior skull base
aytumor behind orbit (incl. tumors of gass
orbitozygomatic approach(osteotomy through zygoma and orbital roof).
b) t umor s i n drens-$phendidappmacic a Y
c)tumors of wupper one third otransorbl oriranspalatal e s
approach (may be extended by osteotomy of mandible).
ddtumors of paranasal si nu drensfacialm@umbroactp(tp €poseo n
mandible for osteotomy, midface can be degloved).

Lateral approachdbirough temporal bone toiddle skull basée.g. petrosal or presigmoid approach
in which petrosal bone is drilled away).

Posterior approaches
a) extreme lateral approach- exposes lower third of clivus, cerebellopontine angle, and
petrous surface temporal bone.
b)l esi ons of cer erbt@hastoijpcoanidompe angl e Y
c)l esions of petrous suhoccipi@mlcraniomdmy t e mpor al b

SURGICAL PRINCIPLES

For craniotomy details see

There is no surgical method that can eliminate all of obstacles.

POSITION

1 prone position is comfortable for surgedregistration for navigation might be challenging
solutions: a) skin fiducials, b)-@m automatic registration.

1 sitting position- risk of air embolism, lessrgonomicallycomfortable for operating physician, but
field is much clearer because drainage is easier.

1 head is held rigidly witlpin fixationto minimize movement (for infants, useft rings- pins can
perforate infant's skull or cause depressed fractoay useediatric ping.

MONITORING

1 intraoperative cranial nerve monitoringlerts surgeon when nerves are at risk of damage; cranial
nerves #XIl can be monitored intraoperatively (e.g. CN7 monitored with EMG, CN8 monitored
with BEAR).

1 intraoperative electrocorticography (ECo@ useful inguiding epilepsy surgefiyto check for
subsidence of interictal dischargesgy.tumorassociated epilepsy (esp. in lestgnding or severe
seizures).

1 intraoperative electrocorticography (ECoG@ndsubcortical stimulationi for targets near motor
system.

1 MEP, SSEPiI use heavily but have a reasery. anterior frontal tumarrisk of SMAT if plegic
postop but MEP was OK then motor will recaver

N.B. MEP can activate deep structures (further than where surgery is happening), so
ECoG stim is more reliable!

MAPPING OF ELOQUENT CORTEX

- s e ewaReAraniotomy i n p=> Op300

BRAIN RELAXATION

1 durais opened only after brain has been softened completatatyitol diuresiand
intraoperative hyperventilatiofsometimes few minutes' wait is necessatyis brief pause can be
critical to success!).

in some cases, it is worth placihgmbar drain to drain CSH causes further brain relaxation.
draining CSF fronbasal cisterns

= =4

OPERATIVE CORRIDOR

1. Trans-sulcal approachto limit cortical manipulation best for subcortical lesiorfeeed to access
large lesions deep ioran may make this too confining); disadvantédgetractstwo gyri, may
sacrificesulcal vasculatute

No gyrus should be entered, unless it is involved in tumor.
Longer but safer pathways through sulci and fissoni@smize cortical retractionand preserve
white matter tracts!

2. Use natural corridors
1) fissures(do not violate normal cortex); e.g. medial temporal* turepproach from

Sylvian fissure spliabove Sylvian vesse(sp to choroidal fissure)

*medial temporal regiofmemory)is phylogeneticallydifferent than lateral
(Wernicke, auditory); tumaerdo not spreatietween these regions

2) sulci (e.g. BrainPath circular retractbratraumatic transsulcal approach)

3) ventriclesi to operateendoscopicallythrough ventricles), need large hydrocephalus

(e.g. clamp EVD at midnightenlarged ventricles can be used to surgeon's advantage ir

planningaccess)

0 optimal corridor toventricles should not compromise neurological function through
direct manipulation foeloquent cortical structureshortest pathway tesion is not
necessarilypest optioi.

1 deliverlesion intofield of viewwithout excessive retraction(requires patienge
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V.Kmn’s NoTtes BRAIN TUMOR SURGERY Op340 &)

5.

0 one ofmost common causes of postoperative neurological deficits is excessive
retraction(to exposanass or to stop bleeding

Transcortical approach (most likely at cortex closest to tumor surfacepagulate with bipolar +
cut with microscissors / spread with bipolar prongs (or sucker tip).
incisions througltortex orcorpus callosum should loeveredwith absorbable hemostatic bartier
(such as Surgicel or Gelfoanwo keepfluid contained withirventricles

*make surematerialdoesnot fall intoventricleto cause obstruction

Retractors- Greenberg retractors.

for intraventricular tumorsuseVycor / BrainPath retractors (connect to Greenberg frame) /
Greenberg retractorendoscopgonly if HCP is present)

handheld retractors are egsaumatic (retraction injury) so calleddynamic retraction

gravity retractioni explained byDr. Lawtoni sometimes counterintuitive gravity retraction gives
better access and view:

Gravity & Trajectory

Ipsilateral Approach
Surgeon’'s POV

Contralateral Approach

Surgeon's POV

. *—\'W" \ Surgeon's

2\ s\ POV
‘ QA

“ | | H. Coronal section

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

As| e s idepth@dgancespperativeworking anglesbecomemoreimportantthansimpleextent
of exposure

DURAL OPENING

1 dura may be incised in either arcilinear or stellate fashion.
1 large enouglopening- normal tissue visible on all sideslesion, esp. if mapping is
contemplated

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

i dgdliomas seems to respect gyral bordeus thin normal appearing corteray covelitumor-
superficial tumot ocati on i s mar ked with anarefimérkedwh i
with black suture:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

BLOOD SUPPLY

Early access to blood supply obtain proximal control (also considered preop embolization)

il
il

initial portions of tumor resection should be directed toward gaining acceasdalar supply.
intraventriculaitumors mayreceive blood supply from choroidal vessels of lzotterior and
posterior circulations


http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/

VIKTOR'S NoTtes BRAIN TUMOR SURGERY Op340 6)

i exsanguination isikely cause okarlier reports of high mortality in infants with choroid plexus
papillomas

1 preserve vesselthey may been passageviolating them will cause strokeif both arterial and
venous supplies of structure are to be §aed, arterial supply should be interrupted firfko
avoid congestion, bleeding, and swelling).

TUMOR RESECTION

Mark tumorborders on the cortex using bipo(aefore theumoris debulked tumordecompression
can render navigation less accurate dugramshift)y  Yibpisl coagulation and dissectitor tumor
disconnection fronsurrounding cortices:

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

Always send fofrozen pathologyi to confirm preoperative diagnosis!

Given diffuse naturdumoredges in HGGs are difficult to fully delinedtes. necrotic ore is clearly
distinguishable) mayleaveenhancingvall behind.
1 pseudo plane may sometimes be present between casihasicig wall and surrounding
tissue.
f navigation (initiall y)caWtycblhpses and issavallsfolcdontd w h
themselves, residuaimormayeasily hide within these walls).

Suction+ Bipolar synergy

1 sucker tip acts adissector andynamicretractor.

1 bipolarforcepsrepeatedlygrals andcoagulatepseudacapsulglemulsificationdisconnects
pseudacapsuldrom peritumoraledematousissue)Y suctionremoveshis emulsifiedmaterial
andexposeshe nextlayerof the pseudocapsule.

1 bipolarforcepsact astumorscissordy repeatedpeningandclosingwhile coagulatimg:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

M ETHOD OF RESECTION

When possiblegircumferential disconnecin and tumordeliveryenblocis ideal- minimized blood
loss,best navigation accuracy!

1. Piecemeal removabflarge massesbi pol ar & gentl e suction, C
dissecting remaining shell from surroumgi normal brain tissukby advancing patties / Telfa into



http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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interface(i.e. resection proceeds from inside out so that surrounding normal maiter is
disturbed minimally).
N.B. resist temptation to pull the tumor en bicthere could be a critical vessel attached to
tumor base (where you cannot see and can be avulsed); also tumor base can be attached tc
dural sinus wall, etc
may use saline spray with blunt needle tip to open plane.
piecemeal resections will resultimeeding, and many times thisannotbe avoided
intra ventricular bleedingY protectforamen of Monro witfcotton square(to avoid obscuration
of this structure and to prevent blood from poolingie n t r i opioassir)igatén @k of
postoperative ventricular obstruction and probably postoperative headache
*if foramen of Monracannotbe cleared of obstructipnpen window in septum
pellucidum(almost routinely).
early reports of lateral ventricular tumors that dispgayire lesion agross pathological specimen
clearly demonstrate whgurgery caused profound neurological deficits and high mortality.
removal offirm, adherent, or calcified tumas simplified byCavitron ultrasonic aspirator
(CUSA)- tip vibrates at 22,000 Hzultrasonically disrupts tumor; tip is surrounded by two
concentric channels, one dispensing saline to solubilize fragments and another suctioning away
that suspension.
A allows for internal debulking of large tumors and reduces amount of brain
retraction needed for tumor removal.
in limited access location€0;, lasercan vaporize tumor tissue with haraf§ techniqe (such
tumor removal is slow).
for low grade glioma$ remove entire gyrus usirggibpial dissectioi hold edge of pia with
pickup and suck parenchyma with sucker along pial inner surface.

Total resectionshould be goal of surgery

glistening peritumoral white matter is seen easily through microscope as tumor's margin is reacl
- at this interface resection is stopped.

incomplete removal may be preferable wiséa of attachment invades into deep structures such a:
thalamus (goal is debulkinghen mass é&ct is cause of symptoms)

Intralesional (piecemeal)vs. circumferential perilesional (en bloc*) resection
Al-Holou et al.Perilesional Resection of Glioblastomalihslependently Associatétlith
Improved Outcomes. Neurosurgery 86:1121, 2020

*GBM is known to be infiltrative, and thus a true en bloc resection is not possibl
intralesional fashion contrast enhancing portion of the tumor is entered, and the tumor is remove
from the center toward the edges
perilesional fashion:

- intraoperative ultrasound and stereotactic image guidance identify the cortical margins of the
tumor and its subcortical extension.

- because the tumor is not 0dec o mpasssedsardiaal,
guidance is relatively well maintained throughout the case.
Precentral

Qutline of gyrus Central Sulcus
GBM - 3

Broca's Area
Precentral

(prerolandic)
Ascending branch
frontal branch

. Dissection
along pia Prec
Pia mater AW marer ( Prcnc:;::dl ic)

Precentral

branch gyrus

Ascending
frontal branch




1 perilesional tumor resection was associated with a significantly higher rate of GTR than
intralesional resection (81% vs 62%, multivariate odds ratio = 2.5).

1 among tumors ireloquent cortexperilesional resection had a higher rat&dR (79% vs 58%,
respectively, K 0.001) a a lower rate of neurologicabnplications (11% vs 209 = 0.018)

EXTENT OF TUMOR RESECTION

| Goal- resection ofaximal amountof tumor consistent witfunctional preservation|

Onco-Functional balance: more resection is better for survival unless causing deficits!

1 gross total resection may extend survival from around 11 to 14 months in glioblastoma and frormr
60 to 90 months in low grade glioma (Sanai 2009).

High-grade glioma$ see
Low-grade glioma$ see

TUMOR FENCING

- inserting along tumor perimeter (using navigatioafore tumor resectidnto avoid shify Becker
ventricular catheters(cut flush to brain surface but still tend to fall dwgo suture to dura edges

strings of patties

During tumor resection keejpsew®adlsaap dapth guidés (netjust o
perimeter guides).

VENTRICULAR ENTRY

- during reseabn of highgrade gliomas (HGG):
Cancer Dissemination, Hydrocephalus, and Survival After Cerebral Ventricular Entry During
High-Grade Glioma Surgery: A Met&nalysis Akshitkumawl Mistry, MD Patrick D Kelly, MD
Reid C Thompson, MD Lola B Chambless, MD Neurosurgery, nyy202,
https://doi.org/10.1093/neuros/nyy202 Published: 22 May 2018

1 higher odds ofeptomeningeal disseminatigsOR: 3.91 [95% confidence interval (Cl): 1-89
8.10]; P =.0002; 86/410 vs 57/847 patients in 9 studies)

1 higher odds ohydrocephalugsOR: 7.78 [95% CI: 3.716.05]; P < .00001; 58/431 \14/565
patients in 11 studies).

1 decreased surviv@inedian survival: 16.8 vs 19.1 mo; 413 vs 322 patients in 10 studies; hazard
ratio: 1.25 [95% ClI: 1.04.48], P = .01).

Coveropening into ventricle

Intraoperative US

1 10OUS shows cortical anatomy and provides spatial orientation while outlining tumors that are
hyperechoic and/or cystic réikee to surrounding parenchyma.

1 characteristics of tumor tissue are variable, and blood products and surrounding vasogenic edet
can generate falgmsitive hyperechoic signals.

1 new cranialUS probes are being developed with higher and adjustable frequencies to improve
resolution and delineation between tissue types and incorporating 3D imaging

Intraoperative MRI (iMRI, ioMRI)

1 be aware othin rim enhancement along the surface of the resection cauityifactcaused by
s u r g enechabisadisruptionto BBB- may be difficult to distinguish from tumepecific
enhancemer(esp.when a lowresolution 0.15 T magnet is uged

1 ogadolinium subarachnoid accumulation(esp. due to bleeding in hypeszallar tumor®r
resumed resection after IV gadoliniuymaybe neurotoxi¢ seizures, altered mental status
(figadol ini um)erYc d pmaylepqedtiadidsiags tn adjuvant therapy (and
poorer overall survival).

Monika Lauer et al. Neurotoxicity of subarachnoid-Gaked contrast agent accumulation: a
potential complication of intraoperative MRI? Neurosurg Focus 50 (1):E12, 2021

0 seen as enhancement of CSF spaces on postop noncontrast T1 and FLAIR

0 neurotoxic effects afjadolinium are not completely understotak{city of Gd is
associated witkimilarity between Gd and Ca ianGd3+ can compete with Ca2+
and act as an inorganic blocker of voltagged Ca channgls

0 prophylaxis avoid overdose (sometimes intentiohab increase visibility of some
tumors), space IV gadolinium > 24 hrs apart (esp. in impaired renal function).

Postoperative higfield MR images obtained in a patient after intraoperativeil&ded neurosurgery of a
glioblastoma in the right parietal lobe. Excessive intraoperative bleeding was reported in this patient. CSF si
appears normal in FT&eighted imges (A), whereas FLAIR and Teighted images (B and C, respectively)
revealed hyperintense signal changes of CSF due to the T1 shortening effect of GBCA. In T2* images (D) ot
a few sulci in the left parietal lobe show a signal loss as a sign of suhaichblemorrhage; however, extensive
signal alterations corresponding to FLAIR andwdighted images can be excluded. Accordingly, CT images
(E) display only a few hyperdense sulci as a correlate of subarachnoid blood. Excessive intraoperative bleec
expains the subarachnoid blood in distant contralateral:sulci

FLUORESCENCE-GUIDED RESECTION (S. CHEMONAVIGATION)

A must for highgrade glioma surgeryexpert say it replaces iMRI)


../../Onc.%20Oncology/Onc10.%20Astrocytomas.pdf#Surgery_highgrade_gliomas
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc10.%20Astrocytomas.pdf#Surgery_lowgrade_gliomas
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Fluorscence Emission Wavelengths

Ultraviolent
rays
£ \» Infrared

400nm 450 nm ) ' 550 nm 700 nm
(Ultra (Blue) Cva (Green (Red)
Violet)

Wave length (nanometers)

FLUORESCEIN SODIUM

I 3-20 mg/kg IV at dural openin@.e. does not delay surgery vsARA) ; 560 nmmicroscope filter.

1 $5 per vial.

1 contraindicatiori serum creatinine > 2 mg/dL.

1 labeling mechanism is based BBB leakage(during surgery BBB gets damaged anywayalse
positive labeling).

5-AMINOLEVULINIC ACID  (5-ALA)

Fluorescence rates
100%high-grade glioma
20% of lowgrade gliomas evenif MRI-nonenhancing!
77-94% of meningiomas (graddll)
80% of ependymomas
43% of PNETSs
40% of gangliogliomas
25% of medulloblastomas
15% of pilocytic astrocytomas

FDA approval(first drug approved in US based only on European trials).

1 June 6, 2017 FDA has approved Gleol&n [aminolevulinic acid hydrochloride (ALA HCI)] as an
optical imaging agent indicated in patients with gliomas (suspected World Health Organization
Grades lll or IV on preoperative imaging) as an adjunct for the visualizatioalginant tissue
during surgery; both new and recurrent.

1 commercially in US became available in October 2018.

1 vial price- $2500.

Indications

1. Surgery guidancefor high-grade gliomgin the future may be also used as an agent for
photodynamic therapy for remaining glioma cells)

2. High-grade gliomd lymphoma / germ cell tumdriopsy verification 1 if biopsy material
fluoresces, no need to wait for frozen pathology confirmation (may take up4te Binutes)

1 value of 5ALA for tumors located close teloquent cortex is of questionable benefit, as functional
mappingwill more reliably indicate surgical margin

Mechanism of action

1 5-ALA is metabolized to protoporphyrin X, endogenous fluorescent bioproduct, as pahneaie
biosynthesis pathway.

T in malignant glioma cells, but not in healthy brain cells, exposuseMoA results in tumor
specific accumulation of protoporphyrin IX as a result of alterations in enzymes and cell
transportergnvolved in heme biosynthesigiseful for the intraoperative discrimination of tumor
and normal tissugas well ab-ALA T based photodynamic thergpy

Mitochondrion

Glycine — Succinyl CoA

Negative feedback

r

Hemoglobin

A 4

5-Aminolevulinic acid Protoporphyrin IX

Protoporphyrinogen IX

A\ 4

Porphobiligen Cograporphyrmogen i

\ Cytoplasm /

Uroporphyrinogen lli

Hadjipanayis C et al. Semin Oncol 2011.
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Extracellular

Accumulaton of PPIX in tumor \ Space

PEPTY 2
. & o
cells: “abeioaie

\_ ALA dehydratase ‘

ALA

Porphobiinogen (PBG)
I

‘ PBG doaminase |

» Decreased ferrochelatase
activity permitting
accumulation of PplX.

» Increased 5-ALA uptake by
tumor cells

»  Disturbance in outflow of
PplIX
»  Presence of aquaporin-4

Hydroxymethyibilane

Uroporphyrinogen 1l synthase |

Zhao SG et al. Ann Surg Oncol 2013
Suero Molina EJ et al. Clin Neurol Neurosurg 2013

Very high PPV, sensitivity and specificity!

Pivotal Efficacy Studies:
Biopsy-Based Diagnostic Measures

Study 1* Study 28
Measure (Primary) (Recurrent)
PPV 96.2 96.6 97.8
NPV 24.1 18.8 18.8
Sensitivity 67.7 96.3 70.6
Specificity 79.4 20.0 81.1

*Stummer, et al. Neurosurgery 2014; 74:310-320.
SNabavi, et al. Neurosurgery 2009; 65:1070-1077.
TStummer, et al. Lancet Oncol. 2006; 7:392—401.

Summary for fluorescence analysis

Fluorescence Total
HGG Yes No
Yes 205 2 207
No 13 5 18
Total 218 7 225

Summary Statistics

HGG Sensitivity 94.04
HGG Specificity /7 1 I’l\
Positive Predictive Value K 99.03 )
Negative Predictive Value W
False Positive Probability 28.57
False Negative Probability 5.96
Accuracy 9333
Odds Ratio(95% CI) 39.42(6.97,223.04)

Schupper AJ et al. Manuscript 1n preparation

Practical
1 indication: high-grade gliomagsuspecte®VHO grades3-4 on preoperative imaging
9 contraindication: porphyrias
1 20 mg/kg(1 vial,25002700% = 500 mg patient > 75 kg needs/b vialg is taken PCB hours
(range 2 to 4 hours) prior to induction of anesthesia

N.B. there is no data on redosing!

Must be reconstituteti500 mg/50 rh of water per vial
5-ALA leads to accumulation of fluorescent porphyfpr®toporphyrin 1 in tumor tissue.
maxfluorescence time is-8 hours thus, expertsecommend administer 6 hours before resection.
false positivel within tumor vicinity, metastases, inflammation, radiation necrosis.

0 anecdotal brain fluorescence due to mechanical disturbance (due to BBB damage).

i false negative

0 surgery too early after administration.

0 necrotic tissuavill not fluoresce.

0 intensity of fluorescence will diminisks a function of focal distance of the microscope
beyond 300 mm from the tumor, which is the point at which it becomes increasingly
difficult to adequatel visualize tumor fluorescenedluorescence energy declines by
the4th power of the focal distance

Microscope focal poinit no more than 30 cm!

0 fluorescencentensity will diminish with time of light excitation due photobleaching

/ fluorescence decaypon exposure to ligt{starts a0 minsof exposure).
1 experts recommend completing conventional resection under normal light, then turn eyes away
brain Aresto from i mage) and turn blue 1|igl
9 target regions exposed tdluelaser lightwith 405(375440)nm peakwavelength (with hand
held deviceor microscopg
i there is a phantom available to test microscope (blue light source must be replaced
every 250 hours).
i tumor tissue glows red (62000 nm) operative video >>

= = =


https://vimeo.com/274910978

T surrounding infiltrated tissue glows orange.
I tissue lacking sufficient PpIX concentrations appears blue.

Solid vs Weak Fluorescence

none vague solid

;‘ TOR \
S

‘A‘t 3

» U & l'b:. A

Tumor Morphological Findings

Pharmacokinetics (PK), Pharmacodynamics (PD)

drink room temperature.

vial wrapped in yellow bag.

mean absolute bioavailabilityl00%.

maximum ALA plasma concentraticrwithin a median of 0.8 hour.

T%- 1 hour.

Tmax for PpIX- 4 hours.

T%: of PpIX- 3.6 hours.

the fraction of administered ALA thatmsetabolized to PpIX is unknown.
the effect of renal or hepatic impairment is unknown.

A —Aa-_a-a_a_a_9_8a_-2

Adverse reaction&> 1% of patients in the week following surgery): pyrexia,dtgpsion, nausea, and
vomiting. N.B. essentiallyrontoxid
1. Photosensitivity
0 reduce exposure tunlightor room lightsfor 48 hours stoperatively (place
wristband on the patient indicating the time when thif@geriod will end).
0 do not administephotosensitizing agefor 24 hourgre and 24 houngostoperatively
- phototoxic skin reaction (severe sunburn) may reSutt:. Johnés wort
thiazide diuretics, sulfonylureas, phenothiazines, sulphonamides, quinolones, and
tetracyclines
0 dim and / otturn OR lights away from the patient until fully draped.
2. One patient experiencedspiratory failuralue to drug overdose.
3. No liver failure caseeseported (butFTs may become elevatap to 10fold in 11-15% of patients
in a first week, andeturn to normaht 6 weeks).

Studies

5-AL A fluorescence-assisted surgery vs. conventional surgery
Stummer W et aALA-Glioma Study Group. Fluorescengeided surgery with-5
alaminovulinic acid for resection of malignant glioma: a randomised controfietficentre
phase Il trial. Lancet Oncol 2006 ; 7 : 392401

9 class | evidence.

Fluorescence-assisted Conventional Statistical significance
surgery surgery
Percentage of complete 65% 36% p < 0.0001
resections
PFS (6 months) A1% 21% p = 0.0003

Gadolinium is better than 5-ALA
1 ALA fluorescence is a good marker of tumor presence but is not a good indicator for the absenc

of tumor when no fluorescence is presemtgative predictive value only 3%
Hauser, Sonj a-Aminolevuidic Acil iFlnorescgnceband Intraoperative Magnetic
Resonance Imaging in Glioblastoma Surgery: AHistolBggs ed Eval uati ono
April 2016- Volume 78 Issue 4 p 475 483

0 in 11 of 12 operations, residual contrast enhancement on iMRI was
found after complete resection 6% A fluorescent tissue.

o0 not all glioblastoma tissue exhibitsA_A fluorescence and not all areas
of IMRI contrast enhancement represent tumor. iMRI performed after
complete resection ofBLA fluorescent tissue shows contrast
enhancing regions suspicious for tumor in a high peagge of cases
(91.6%), whereas these regions in fact contain tumor in only 64.3%.

5-ALA isbetter than gadolinium
1 itis well established that even MRbnenhancing lowand highgrade gliomas will show
fluorescence in about 20% of cases
Fluorescence shows mattean expected from gadoliniuemhancement
10-20% lowgrade gliomashow visibleés-ALA accumulatioh

Aldave G, Tejada S, Pay E, et Brognostic value of residual fluorescent tissue in glioblastoma
patients after gross total resection irahinolevulinic acidguided surgery. Neurosurgery.
2013;72(6):915920.
& 2 cohorts of patients with GBM (n = 50), both without residual enhancement on
early postoperative (1.5 T) MRI, 1 cohort with and 1 cohort without residual
fluorescence; cohort without residual fluorescence survived 10 months longer.

Schucht PKnittel S, Slotboom J, et &-ALA complete resections go beyond MR contrast
enhancement: shift corrected volumetric analysis of the extent of resection in surgery for
glioblastoma. Acta Neurochir (Wien). 2014;156(2):B8%52
d volume of fluorescing tissue is about double the volume of enhancement on
MRI.

Roessler K, Becherer A, Donat M, Cejna M, Zachenhofer I. Intraoperative tissue fluorescence
using 5aminolevolinic acid (FALA) is more sensitive than contrast MRI or amino acid positron
emission tomography ((18)FET PET) in glioblastoma surgery. Neurad&R 2012;34(3):314
317
d fluorescence extends even beyond the fluoro-ethyl-tyrosine-PET zone of
hypermetabolism.

5-ALA and iIMRI work synergistically!



\

1 fluorescencgives 2D reaktime surface information and may sometimes be hidden behind
overhanging edges or obscured by blood, can be used to wisely augment the capabilities of mol
complex and nomeaktime iMRI, which gives 2D information, to safely optimize resemts.

CLOSURE

1 tumor cavity is then examined for bleeding points, Buediculoushemostasigsometimes difficult
but must be perferts secured prior to closure.
N.B. most common cause of postoperative hematomesidual tumor!

0 persistent bleeding may be due to residual tumor, and it will require direct bipolar
cauterization or topical gelatin foamtivated cellulose or microfibrillar collagen
application for control.

0 Dr. GrahamnlaysSurgicelin tumor cavity(may givedelayed postoperative MRI
enhancemetht)

1 if brain swellingis worrisome at time of closure (rare situation), ICP catheter is left in subdural
space.

1 tumor cystan be drained and, when possible, fenestrated into adjacent ventricle to prevent

reaccumulation.

do not insist on a watertight dural closuoe $upratentorial craniotomies.

tack-up stitchesare used to prevent epidural hematbma

about CSF drainagé

EJE g

Allen

The piaarachnoid is opened using bipolar coagulation along line of incision which is made by sharp
dissection. It is usually safe to make subpial dissection to adjacent sulcus, continuing into white ma
and seeking plane between tumor and edematoirs Bi@me tumors present with false capsule, but
such lines of demarcation are usually delimited. Generally, brain substance is divided by suction or
blunt dissection. Division of lowgrade glianas or sclerotic areas may require sharp dissection or ultra
sonic aspiration. Dissection around base of tumor continues until tumor is isolated. If ventricle is
opened, it should be walled off to prevent blood from collecting within it. If cortex is reached opposit
entry site, cortical vessels must be individualtgluded and divided by sharp dissection. The plane of
dissection can be preserved by use of cottonoid strips to protect brain.

Planes of demarcation can usually be developed between metastatic lesions and surrounding brain
aided by strips of cottonoid to wall off brain. Bridging vessels are divided, and separation along line
of cleavage is continued until tumor is surrounded.

Many infiltrating lesions have pseudocapsules that may bedegibarcated, but usually such lines of
delineation fade out so that separation must continue along areas otioriltha other cases where
infiltrating lesion is limited to lobe, standard lobectomy may be selected, dividing pia and pial vesse
and transecting lobar structures so as to include neoplasm. If cortex is reached opposite entry site,
cortical vessels mtiwe individually occluded and divided by sharp dissection. Ultrasonic aspiration
may sujplement suction and coagulation.

Resection of infiltrating lesions requires debulking of Magsually by aspiration and often with
ultrasonic aspation. Generally, blood loss from highly vascular neoplasms will be less by working at
edge of tumor. When this is impossible, aspiration must begin within tumor.

Care must be taken against undermining or even excessive retraction of functional cortex to be
preserved. Hemostasis during dissection aids visualization of structures and identification of vessel
When bulk of tumor has been removed, further searchdftitianal tumor is carried out and such
fragments are removed. The ultrasonic aspirs helpful in this maneuver.

POSTOPERATIVELY

1 extubation
a) if surgery entails significant manipulation lofain stem patient should remain
intubated for first postoperative night and be extubated carefully once lower crania
nerve function has been assessed,
b) if brain stem involvement was minimal, patient may be extubated in operating roon

1 ICU for at least 1 night; increasing trend gmlectivel CU admissionil CU, wunl esso
u n | e-seduged complication rates and length of stay while keeping patients satisfied + hospit

costs related to the admission have been significantly reduced.
Mark ter Laanet al. Selective Intensive Care Unit Admission After Adult Supratentorial Tumor
Craniotomy: Complications, Length of Stay, and Cdd&urosurgery, nyz388,
https://doi.org/10.1093/neuros/nyz388 Published: 20 September 2019

1 serumelectrolyte levelsandosmolality are measured often (also to detect possible onset of
SIADH or diabetes insipidygsp. after endoventricular manipulatipns

STEROIDS

ContinueDEXAMETHASONE for at least 5 days (to minimize surgically induced brain edema);
1 if adequate surgical decompression is achieved, steroid can be discontinued withiB firs¢Hls.
1 speed of weaning depends on:
1) postop new deficits
2) amount of edema on postop FLAIR MRI
{1 indications for steroid maintenance
1) large volume of tumorremains | ar ge edema Y checl
2) unexpected (likely from edema) new / worsening postoperative deficits
3) tumor in brainstem or spinal cord
4) steroid dependence
7 corticosteroids again may be needed during or after radiation therapy.

AED
Continueanticonvulsantsfor at leastZ days few recommend 1 yea).

1 incidence of seizures after surgery for brain tumors is 8#w[05% CI 3% 18%]) even without
prophylactic AEDs, and incidence of clinically significant seizures is even lower (3%).

1 even for patients with preoperative seizures, postoperatively most seizures cease spontaneousl
(when patients are initially seizure free after surgery, seizure recurrensecgassd with tumor
progression).

1 3 mechanism$y which a seizure may occur in setting of neurosurgertufaors

1) intrinsic epileptogenic nature of the tumor, particularly in certain locationsasuch
temporal and parietal lobes

2) surgical factors associated with craniotomy (brain retraction and cortical irrjtation

3) postsurgical complicationgydrocephalus, edema, or infecfjon

1 traditionalAEDs are potent enzyriaducing(PHENYTOIN, CARBAMAZEPINE, PHENOBARBITAL) Of
inhibiting (VALPROIC ACID) T reduce increaseserum concentration of chemotherapeutics

1 new generation of AED&ABAPENTIN, LEVETIRACETAM) arenot metabolized by CYP isoenzymes

There are studies that do not support prophylactic AED use:

Adam SA prodhective randomized trial of perioperative seizure prophylaxis in patients with
intraparenchymal braintumoés. J Neur 488,203 118: 873

i patients undergoing resection for brain tumors without a previous history of seizures

I PHENYTOINVS. placebo for 7 days postop.


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc18.%20Primitive%20Neuroectodermal%20Tumors.pdf#CSF_drainage

incidence of all seizures was 18% in observation group and 2g%6phylaxis group (p = 0.51).

incidence of early seizures (< 30 days after surgery) was 8% in observatiorvgd in prophylais

group (p = 1.0).

1 incidence of clinically significant early seizures was 3% in observation group and@®phylaxis group
(p =0.62).

1 prophylaxis group experienced significantly more adverse events (18% vs 0%, p < 0.01).

=a =

Ri cardo J. Komot ar fAProphyl actic ant
resection: a systematic ana499,20l1s of
1 review of 698 patients
1 no significant differences in incidence of early or late seizures between AED -&iEDnhoohorts.
conclusions prophylactic administration of anticonvulsants during resection of supratentorial meningioms
provides no benefit in prevention of either eamylate postoperative seizures.

i epi
ef fi

ANTIEMBOLIC MEASURES

f compression bootsubQ heparin immediately postdp ear |y passive exerc
mobilization!!!

POSTOPERATIVE IMAGING

1 baselinecontrast MRIwithin 48 hours to evaluate resection succeksd], prominent
enhancement ofeovascularized reactive glioglevelops interferes with image interpretation);
absence of abnormal enhancement indicates gross total resection.

1 look atDWI and ADC - postcontrast MRI may show great tumor resection but if there is adjacent
stroke it will start enhancing (as natural evolutios) ®eeks later and radiolsgwill call it as
“tumor progression"”.

71 for tumors withpropensity for leptomeningeal spre@EDULLOBLASTOMASEPENDYMOMAS
CHOROID PLEXUS CARCINOMAEertainPINEAL GERMINOMAY test before further postoperative
therapy:

1) CSF cytologic examinationat least 2 weeks after surgénl P i s10-X ddyseafted
intracranial decompression);

T some authors suggest obtaining CSF at time of surgery from cisterna
magna for cytologic analysis.

2) spinal MRI yearlyduring first 24 month§CSF exam alone is inadequétmay be false
negative in up to 50% cases)utine spinal evaluations beyond this time may not be
practical (ocal recurrences are far more likely).

T if MRI is contraindicated, CT myelography is utilized.
N.B. baselinespinal MRI is best dongrior to surgery(to avoid postoperative
artifacts); firstpostoperativespinal MRI- at least 2 weeks after surgggpinal canal

enhancement can occur in early pos2ope
weeks (artifacts secondary to surgery regress while drop metastasis remain stable or
increase).

ROUTINE SURVEILLANCE (unwarranted imsymptomatipatients followingcomplete resectioof
benigntumors):

every 36 months during first 2 years;

every 612 months for following B years

every 35-years (for detection of late events such as raditidnced meningiomas).
T residual or r ecur r &@mdnthsafiendurgesysuggestsuiremmgec e me n t

N.B. truetumor progressiorcannot be confirmed on MRI prior Bmonthd

1 differentiation ofresidual tumorfrom scar(region of linear, rim enhancement) is improved by
gadolinium.
1 tumor recurrencé consider reoperation:

COMPLICATIONS

1 operativeMORBIDITY depends largely on tumor location (highiedi0-20%i in diencephalic
tumors).
1 operativeMORTALITY rates are < 1%30-day mortality rate afteorain tumor surgery is 2-2.9%-

postoperative hematomads the most frequent cause of death.
Teruyoshi Kagejet al. Postoperative Hematoma Requiring Recraniotomy in 1149 Consecutive
Patients With Intracranial Tumors. Oper Neurosurg (Hagerstown) (2017) 13 (3)3892

o incidence of a POH redqung a recraniotomy was 2.09%.

0 among recraniotomypatients 12.5% died witm 30 days of the first
surgery.

o incidence of recraniotomy significantly correlated with the incidence
of a hemangioblastoma, infratentorial tumors, and a prolonged
operative time (>10 h).

METASTASES

Chemotherapy agents that need tdbkel perioperatively

1 metastasesontain no neuronsarefirm andoftensharply demarcatedfom surrounding normal
brain- can be removed with minimal damage to functional nervous tissue.
pseudocapsule gliosis in response to malignant tumor
piecemeal/s. en blocresectiori results the same.
Aim for en blo¢ (to minimize leptomeningeal spread)ith 5 mnt* brain margin(per+
pseudocapsule parenchyna reduce recurrence
*esp. for < 3 cm lesionsljssectpseudocapsuleircumferentially to devascularize tumanay
shrink lesionpseudocapsul® ease dissection
**although metastatic cells can be found up to 10 mm away

= =4

CNS Systematic Review and Evideri8ased Guidelines for the Treatment of Adults With Metastatic
Brain Tumors (2019)

Level 3 recommendatiaren bloc tumor resectiqgras opposed tpiecemeatesection, is recommended
to decrease the risk of postoperative leptomeningeal diselase resecting single brain metastases.
Level 3 recommendatiaryross total resectiois recommended oveubtotalresection in recursive
partitioning analysis class | patients to improve overall survival and prolong time to recurrence.

1 cyst or hematomshould beevacuatedto relieve tension tumor manipulation without undue
traction on parenchyma.
1 if any ofvital vascular structurgs.e. MCA) is encasegdsubtotal removal is warranted!

Highly vasculametastasesnedullarythyroid canceryenalcell carcinomamelanoma

Fluorescein demonstrates two metastatic lesions withdeeflarcated margins:


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc3.%20Brain%20Tumors%20(TREATMENT).pdf#Reoperation
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/Op100.%2520General%2520Principles%2520of%2520Operative%2520Neurosurgery.pdf#CHEMOTHERAPY_AGENTS
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Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

Small corticotomy in a relatively avascular region:

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

Extracapsular dissecticruse bipolar forceps to coagulate and disconnect tumor capsule; suction
device dynamically mobilizes the surrounding brain:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

Fine blunt dissectorused to work around avascular dissection plameservingcapsuleintegrity to
avoid bleedindif mass is inadvertently entered, expeditious disconnection of remaining capsule is a
strategy to control bleediig

Source of pictureNeurosurgical atlas by Aaron Cokh@adol >>

SKULL BASE TUMORS

http://www.neurosurgicalatlas.com/grarmbinds/minimallyinvasivetranscraniabperativecorridors
techniques
http://www.neurosurgicalatlas.com/grarmlinds/transcraniedndendoscopianicrosurgical
operativecorridorsaccessinglif
http://www.neurosurgicalatlas.com/grarmlinds/endoscopiskull-basesurgerytransclivat
transmaxillarytransodont

ANTERIOR SKULL BASE
See also p. Op309-
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http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/grand-rounds/minimally-invasive-transcranial-operative-corridors-techniques
http://www.neurosurgicalatlas.com/grand-rounds/minimally-invasive-transcranial-operative-corridors-techniques
http://www.neurosurgicalatlas.com/grand-rounds/transcranial-and-endoscopic-microsurgical-operative-corridors-accessing-dif
http://www.neurosurgicalatlas.com/grand-rounds/transcranial-and-endoscopic-microsurgical-operative-corridors-accessing-dif
http://www.neurosurgicalatlas.com/grand-rounds/endoscopic-skull-base-surgery-transclival-transmaxillary-transodont
http://www.neurosurgicalatlas.com/grand-rounds/endoscopic-skull-base-surgery-transclival-transmaxillary-transodont
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%20Craniotomies.pdf#TRANSNASAL_ENDOSCOPIC
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PINEAL REGION TUMORS

http://www.neurosurgicalatlas.com/graralinds/resecticf-pineatregiontumorspearlsandpitfalls

Except for weHencapsulated teratomdsyv pineal region tumors are amenable to complete reséction

Open resection remains preferable to endoscopic approach.
1 pineal gland i®ssentiallyextraaxial structure tumors of pineal gland are readily resectable
surgical plane can often be estaldidlbetween adjacent structures.

Internal Velum
cerebralv.  interpositum

Habenular
commissure

Pineal gland
Superior and
inferior colliculi
Internal cerebral v.

Internal occipital v.

Vein of Galen

APPROACHES

—_— Posterior Transcallosal

Anterior - Posterior Transcortical

"

* Transfrontal -

>
. P . & ) —r \\ 2“‘“
* Lamina Torminalis R — S / - [ Tranotontoried
Opticocarotid '.. . v A—

/2

Left image- supracerebellanfratentorial (a) and occipitatanstentorial (b) trajectories.
Right image- midline supracerebellanfratentorial approach (a); paramedian varighjsoccipital
transtentorial routéc):

Supratentorial approaches preferred for large tumors.
Posterior approaches can reach up to foramen of Monroe (but need long instruments).

1 blood supply of these tumors is from branches ofiibkdial and lateral posterior choroidal arteries

A. Infratentorial -supracerebellarapproach (the best approach in 80% of cases} p Op300 >>
- directmidline approachfor tumorsbelow deep venous systenzce VRV above

A. Initial trajectory (A) in line with vein of Galen. After opening arachnoid over quadrigeminal plate, trajectory should be
adjusted several degrees downward in line with center of tumor (B) to avoid damage to deep venous system.


http://www.neurosurgicalatlas.com/grand-rounds/resection-of-pineal-region-tumors-pearls-and-pitfalls
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%2520Craniotomies.pdf#SUPRACEREBELLAR_APPROACH
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B. Exposed dorsal surface of tumor after opening arachnoid and dividing precentral cerebellar vein.
C. Diagram of tumor exposure seen in B.
D. View into third ventricle after excision of tumor. E, Diagram of tumor bed seen in D.

Deep veins

Cut precentral vain
behind resmnant of arachnoid

T with posterior surface of tumor exposed, ¢cC:¢
(suction, cautery, tumor forceps, CUSA) Y
from surrounding thalamus
0 most of vessels along wall of capsule are choroidal vessels and need not be preserved.

0 dissection continues until third ventricle is encountéoadh reach up to foramen of Monroe
with long instruments)

0 thenretractingtumor superiorly and dissecting it bluntly @ffainstem under direct vision

o finally, tumor is removed superiorly after separatatiichments alongelum interpositum and
deep venous system

Densely adherent tumors necessitate subtotal resection to preserve deep venous structures and

brainstem pial planés

Dr. CohenGadol If pial violation around the tectum is unavoidable during resection of

an otherwise benign resectable tumor, | proceed with gross total tumor removal at the
expense of minor injury to the tectum.

resolves witin a month.

Tumor capsule is coagulated and generous pieces of specimen are sent for frozen pathology befor:
aggressive gross total resection is attempted:

Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>

Following adequate tumor decompressicapsule is dissectedirst laterally from the tectum, and

then inferiorly from the anterior culmen, and ultimately superiorly from the vein of Galen and its
tributaries. Pial planes around the pulvinar are preserved when feasible. After removal of the tumor
the inlet into thehird ventricle is apparent:
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Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

The caution for preservation of deep veins cannot be overemph@seeel pieces of tumor over
veins)!

B. Supratentorial approach - best forlargetumors extending supratentorially or laterally into trigone
of lateral ventricle; wide exposure can be obtained; difficult removal of tumor that lies below
convergence of deep venous systent:

a) parietal-interhemispheric-transcallosal approach(described by Dandy 1936paramedian

b)

trajectory between falx and right parietal lobe, with partial resection of corpus callosum,;
excellent access to tumors that may have expanded into third vemeidterm insitting slouch
position

Transcallosal interhemispheric approach. A, Opening of corpus callosum. B, Magnified view of opening into corpus callosum. The falx and
tentorium may be divided for further exposure. C, Operative photograph demonstrating tumor exposure and internal cerebral vein overlying
tumor.

Infarior Transcaliosal
sagital approach
sirus

Splenum
ratracted
U;‘!:*CI" Occiptal lobe
alx
Intermal
cerebml
ven
Basal vain of
Rosenthal

7 Vo of Galen

Straight sinus

Division of

lentorium
Pinoal

umor

Cerebelium

From Youmans

The transcallosal interhemispheric apptoa@s first described by Dandihis approach
betweerfalx and hemisphere dirain involvescorridor alongparieteoccipital junction. Dandy's
early contributions recognizechportance ofleep venous system aoaltical bridging veins
betweerhemisphere ansinus. Any ofpreviously described patient positions can be used for
this approach, althougtrone or sitting position is generally preferrBadsitioning ofbone flap
depends on whetemor is centered ithird ventricle.[120,129,130] A wide craniotomy roughly

8 cm in length provides flexibility in determiniregrridor and avoiding bridging veins

whenever possible. The craniotomy is generally centeredveviex to avoid manipulation of
occipital lobe. A Ushaped scalp flap extending acrossline and reflected laterally provides
adequate exposure. A bur hole is made sagittal sinus, both anteriorly and posteriorly, and
craniotome is used to tugenerous craniotomy. The craniotomy should extend 1 to 2 aft to

of sagittal sinus. Bleeding frosagittal sinus can be controlled with hemostatic agents. The dur
is opened in kshaped fashion and reflected medially towsadittal sinus. The bridging veins

are inspected, arapproach is chosen that will miniminember of veins sacrificed. It is

unlikely that sufficient exposure can be achieved without sacrificing at least one bridging vein
although sacrifice of more than one should be avoided if possible. Because these tumors are
deeply seated, evemall opening provideside angle of deep exposure. The exposed
hemisphere is covered with Bicol or Telfa, apttactor system, such @seenberg retractor, is
used to framepening and provide two retractors to draavietal lobe back igentle arc. A
separate retractor can be used alfahg which may be divided inferiorly to provide further
retraction. This is generallyonvascular corridor with few adhesions betwisdx andcingulate
gyrus. The corpus callosum is easily identified veiferating microscope by its striking white
appearance. The pericallosal arteries are identifigaiasd structure running oveorpus

callosum. These arteries astracted either to one side or with separate retractors to each side.
The opening int@orpus callosum, centered owveaximal bulge ofumor, is generally about 2

cm, which is not likely to lead to disconnection syndrome or cognitive impairment (see Fig.
1257A). Even more posterior openingssplenium have been performed routinely without
deficits. The corpus callosum is generally thin and can be opened with gentle suction and
cautery. The lateral extent opening is determined mount that is sufficient to expogenor

and avoid damage fmericallosal arteries. If necessatgntorium and falx can be divided to
provide additional exposure (Fig. 22ZB). Once througlorpus callosungorsal surface of

tumor can be seen, amdins ofdeep venous system must be identified early to prevent damage
to them (Fig. 125C). The importance afeep venous system adegree of venous collaterals

is topic of anecdotal speculation. Obviously, sacrificing any vein is undesirable. Whether one
vein can be sacrificed safely is questionable, but certainly interruption of two would have
devastating result. On¢emor is exposed, it is debulked and then dissected as described
previously. Leavingentricular drain in place for 1 or 2 days is optional.

occipital-transtentorial approach (originally described by Horrax, later modified by Poppen)
requires retraction of occipital lobe and division of tentorium for adequate exposure; perform i
threequarter prone lateral positian
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ADVANTAGES
broad exposure

good view of quadrigeminal
plate
prone or lateral position

DISADVANTAGES
venous system over tumor
occipital retraction
+/- sacrifice bridging veins
visual field deficits

difficult to resect tumors
projecting anteriorly

Occipital transtentorial approach. A, Exposure of pineal region can be expanded by dividing tentorium and falx. B, Exposure of tumor after
dividing tentorium. C, Operative photo demonstrating tumor after tentorium is divided. D, Operative photo after tumor removal.

Infernor sagiial
sinus

Falx
Superior " Inferior sagittal
sagital sanus - sinus Corpus callosum
\"/—a” [ | Internal cerebral vein
/A ‘o Vein of Galen
// { 1 U7 Corpus callosum
V) | L Basal vein of

Incision in ,—'/

falx cerebrl / {

\”’/\ N

Internal cerebral vein Rosenthal
Straight
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SNUS
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\
Temonum
7 /Vaein ot
Transverse Galen
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From Youmans

The occipital transtentorial approach, originally described by Horrax and later modified by
Poppen, ivariation ofsupratentorial approaches (Fig. 125Video 1252).[35,131] A three
quarter prone position is generally preferred. This approagiméal region usesblique

trajectory for lesions that are essentially midline and may therefore be disorienting to surgeon
who are not familiar with it. However, by dividinigntorium, excellent exposure of
quadrigeminal plate is achieved, thus making it particularly useful for tumors that extend
inferiorly. A U-shaped right occipital scalp flap is reflected inferiorly, witedial vertical limb
beginning just tdeft of midline at aboukevel oftorcular.[34,129] A bur hole is placed in
midline oversagittal sinus just abovercular, along with another bur hole 6 to 10 cm above
this. A craniotome is then used to tyenerous craniotomy extending 1 to 2 cm left of midline.
Alternatively, it is feasible to pladaur holes adjacent wagittal sinus without crossimgidline.

If this option is chosen, it is important to get as close as possibégiibal sinus to avoidony
overhang that limiteperative view. Wittthreequarter prone position, gravity helps with
retraction ofnondominant occipital lobe, which is also facilitateddmgk of bridging veins near
occipital pole. Mannitol and ventricular drainage are useful for relebtaigp and minimizing

risk for hemianopidrom excessive occipital lobe retraction. Undperating microscope,
straight sinus is identified so th@ntorium can be divided adjacent to it (Fig. B29. A

retractor can be placed ovfaix for exposure. The inferior sagittal sinus and falx can be divided
to facilitate further falcine retraction. At this poiatachnoid overlyingqumor and

quadrigeminal cisterns can be seen (Fig-8B% Tumor removal proceeds as described earlier
while taking care to avoid injury eep venous system. Closure and hemostasis proceed as
described previously.

transcortical transventricular approach

From Youmans

The transcortical transventricular approach was developed by Van Wagenen, who used
trajectory throughiight lateral ventricle vidranscortical incision.[13] This approach is rarely
used becausexposure is limited andeed forcortical incision is undesirable. Obviouséntry
point should be chosen in noneloquent cortex. Stereotactic guidance is often useful with this
approach and may be desirabletionor that extends int@ateral ventricle.

C. Combined supratentorial-infratentorial approach - for large pineal region tumors.

1 in semiprone positian

§ advantage wide exposure laterally, superiorly (to posteriin@ntricle), and inferiorly (to
superior medullary velum), safe visualization of venous structures and minimal retraction
cerebellum and occipital lobe.

1 disadvantagevery extensive operation, including sacrifice of nondominant transverse
sinus (only suitable for exceptional cases).

PATIENT POSITIONS

sitting slouch positioifpreferred folinfratentoriatsupracerebellar and transcallesal
interhemispheric approaches)

lateral decubitus positioffor transcallosal approaghnd avoids many of complications associated
with sitting slouch position.

A.

B.

1 nondominant right hemisphere down

1 head is raised 30 degrees above horizontal in midsagittal plane, especiatipgoallosal
approach (fooccipital transtentorial approach, head should be positioned with patient's
nose rotated 30 degrees tow#odr.

1 more desirable variation of this approackhie quarter prone positioiffor occipital
transtentorial approachextension of lateral position, except that head is at oblique 45
degree angle withondominant hemisphere dependeq(ires placing axillary roll under
patient's right axilla with right arm supported in shiilge fashion beneath patignt


http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%2520Craniotomies.pdf#SUPRACEREBELLAR_APPROACH

1 legs are flexed witlpillow between them anelevated to facilitate venous return

1 patient is strapped down so that table can be rotated during procedure to improve expost

1 supporting roliis placed under left thorax

C. prone position(for supratentorial approachessp.in pediatric populatioy- elevation of shoulders
and head tilted to rightcombined advantages of sitting slouch and topesater prone lateral
positions;steep angle of tentorium, makes prone position impractical for infratentorial approach

D. Concorde positiofi as prone position biead rotated 15 degrees away from craniotamyre
comfortable for surgeon and reduces risk of air embolism; desirable for preadolescent patients;
more cumbersome in larger patients.

D — —_

b M"‘n

1 - supracerebellainfratentorial approach
2 - occipitattranstentorial approach.
3 - parietatinterhemispheric approach.

COMPLICATIONS

OverallMORTALITY of pineal region surgery is&% andvorsIDITY 0-12% (vs. 90% mortality in
early part of 28 century).

Most common complicationsextraocular movement dysfuncti@particularly limited upgaze and
convergency, ataxia®, altered mental statu@p toakinetic mutisnfrom overzealous brainstem
manipulation)
*may be present preoperatively and become transiently worse
postoperatively before significantly improving or resolving completely
within first few dayqbut can persist for several monjhs

Most devastating complications:
1) pineal apoplexybleeding into vasculatch subtotally resected tumor bed)ay be
delayed for several dayisirge hemorrhage may require immediate evacuation
2) venous infarction(with or without hemorrhage)from brain retraction or from sacrifice of
bridging veins

parietal loberetraction can cause sensory or stereogndsficits on opposite side.
occipital loberetraction during transtentorial approa@ncause visual field defects.
disconnection syndromasth corpus callosum incisions.

complications related tsitting position air embolismsubdural hematoma, hygromeentricular
collapse.

E ]

POSTOPERATIVE LY

see

POSTERIOR FOSSA TUMORS

PRINCIPLES

Preop

1 place EVDin OR prior tocraniotomy(esp. if patient has hydrocephalugjontally prior to
positioning or occipitally oncthe patient has been position@d at least prep for occipital Frazer
bur hole)

1 preoppanspine MR[looking for drop mts, esp. if spect tumors that seed via C$H)atient may
need sedation (thus, may need EVD)

9 discuss possibility of postdpach, PEG.

Intraop
For hemispheric lesiondinear (vs. J) incisions heal most effectively


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc28.%20Pineal%20Region%20Tumors.pdf#SURGERY
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Source of pictureNeurosurgical atlas by Aaron Coh&@adol >>
Always open and drain CSF from cisterna magna!!!!

Usenavigation - guides extent of a limited craniotomy:

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

Incise dura in stellate fashion:

Source of pictureNeurosurgical atlas by Aaron Cokh&@adol >>

Postop
1 avoid hypertensiormmediately postoj risk of bleeding into posterior fossa!

1 if surgery entails significamhanipulationof brain stem patient shouldemain intubated for first
postoperative nighand be extubated carefully once lower cranial nerve function has been assess
by ENT, speech.

Vestibular schwannomé p. Onc62 >>

Preop audiogram!
50/50 rule (> 50 dB pure tone audiogram / < 50% speech discrimination = nonserviceable hearing).

Manipulation of the floor is associated with a high riskiiglopia, facial weaknesswallowingand
ventilatorydysfunction( Ygastrostomy and tracheostomy):


http://www.neurosurgicalatlas.com/
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http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc62.%20Schwannomas%20of%20Cranial%20Nerves.pdf
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Invasion of the ventricular flodoy the tumor plan a subtotal radical resection (avoid any temptation
during surgery to manipulate the tumor that invades the floor)

PICAs may be encasdaly the tumor (es. if having a repeat operatigolan a subtotal resection to
protect these vital vessels.

Lesions within brainstem parenchyiaplacement oflefibrillator pads before surgery

Intense nausdas not uncommon following surgery near the floor of the fourth ventricle (standing
order for antiemetics)

Two main approaches to the fourth ventrigé&er standard midline suboccipital craniotomy as for

Chiari)

A. Transvermian approach - splitting inferior 1/3 of vermisin midline, two halves are retracted to
opposite sides
d indication large midline lesions that occupy thestral4" ventricleand do not extend into
the lateral recesses.
0 split the vermis to the smallest extent possible (usually up to the fastigium, but rtbeinto
superior medullary velumsuperior exposure is limitgd
d nodule, tela choroidea and inferior medullary velum also need to be incised to access 4tr
ventricle
0 risk of caudal verman splitsyndrome(truncal ataxia, dysequilibrium, oscillation of head
and trunk, nystagmusj)erebellar mutisnfesp. pediatric patientsjjury to dentate nucles
(more severe dysequilibrium)

B. Telovelar approach (preferred!!!)- exposes 4th ventricle through tberebellemedullary fissure
(between tonsil and brainstemjthout incising the vermis or cerebellar hemisphere
0 uses natural planesio functioning nerve tissue is harmeréducel risk of cerebellar
mutism
0 tonsils have been retracted superolaterally to expose tela choroidea, inferior medullary

Sup. Cer. Ped

0 indication lesionswithin theforamen of Luschka
o rostral intraventricular exposure can be achieved by infemisuperior working
angles through a C1 laminectofny.e.generousentricular exposure from obex to
aqueduct
floor of 4th ventricle is protected by sliding a cottonoid up along the floor
CONS: narrower corridor than with a widely split vermis; limited access to deep or large
tumors involving the rostral third of the 4th ventricle; limited access to contralateral floor c
the 4th ventricle (TVA can be done bilaterally to circumvent thigditon).

Ox Ox

Technique
0 patient is inmodified park-bench positionwith head flexed and turned toward floor

o linear incision.

o short horizontal line marks the Idgan of the transverse sinuses.

o patient 6s sitedioféridrlg and anteriomgdo hc F eases t he
working space withirthe suboccipital area.

o lateral position uses gravity retraction and the blood runs out of the operative field.

0 position allows surgeon to sit during microsurgery.
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0 burr holes are placed on either side of the midline; astterior arch of is generously
removed (arrows) and the craniocervical ligament resected; tonsils, vermis, and medial
aspect of the hemispheres are exposed; occasionally a patent occipital sinus may cause
brisk bleedingC1 Ie;m_inae *) are not removed in this case.

Source of pictureNeurosurgical atlas by Aaron Cokh@adol >>

0 uvulotonsillar and medullotonsillar spaces are dissected open: dissection plane between
medial edge of the tonsil and the adjasade of the uvula is develop&d tonsil is
retractedsuperolaterallyand uvula is retracteslperomediallyo expose the tela choroidea
and inferior medullary velum fghamic retraction is used to expand uvulotonsillar space

0 microscissors are used to prevent blunt dissection and protect the PICA branches.
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0 minor transection of vermis (red hashed line) may be occasionally necessary if
dissection planes along cerebellomedullary fissure and uvulotonsillar spaces are
adherent

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

0 tela choroidea and inferior medullary velum are coagulated and divided (black hashed line) t
access the fourth ventricular floor and lateral recesses:

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

0 retractors are often necessary to immobnieemis medially (arrow)generous exposure of the
floor of the faurth ventricle (*) is possibléloor is lightly discolored in this case due to the
presence of an underlying large cavernous malformation

Source of pictureNeurosurgical atlas by Aaron Cokh@adol >>

0 microsurgical resection of the underlying pathology (cavernous malformation or
intraventricular tumor) can beg({asing mapping strategies):
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Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

CEREBELLAR TUMORS

navigation is not necessary but useful!

prone on chest rollsr white Wilson frame; head in Mayfiefctame

open cisterna magna (by opening arachnioid)ll drop cerebellum by gravity.

mark floor of 4th ventricle i by advancing Telfa / patty / cut finger of glove intdventricle
from below (start between cerebellar tonsilgy will fail Oral Boards!

=A =4 -8 -9

Cerebellar tumors are best approached along the shortest transparenchymal route to the lesion

FIGURE 130-2 Anatomic location of cerebellar metastases and
the corresponding approaches for resection. 1, Medial hemispheric
metastasis. 2, Lateral hemispheric metastasis. 3, Vermian metastasis.
4, Deep cerebellar metastasis. (From Lang FF, Sawaya R. Surgical
management of cerebral metastases. Neurosurg Clin N Am.

1996,;7:459-484.)

A. Superior hemispheric lesions via the supracerebellar cistern and by incising the cerebellum
at the closest poirtb the tumor requires a high suboccipital craniotomy wittpesure of the
transverse sinus.

B. Inferior cerebellar tumors requireopening of the foramen magnum.

C. Midline tumors can be resected after splitting ithérior vermis.

D. Lateral hemispheric lesions- directly from a posterior trajectorynéering the paracerebellar
cisterns is generally not necessary, thus avoidkmpsure of the cranial nervesglit
hemispherigia horizontally (parallel to widened folia)
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Incise hemisphere Surf
A\ over lesion b

(widened folia) A 2 LI lesion
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1 postoperative deficits
1. Cranial nerve deficits
2. CEREBELLAR MUTISM (anatomic origin deep cerebellar nuclet oneof
most commonly citedomplications

HEMANGIOBLASTOMA

A. Cerebellar lesions- via suboccipital craniectomy;
Hydrocephal us Y external v en thydioeephhlus resotvasa i
in > 90% patients postop)

B. Spinal lesions- via laminectomy:
no syrinxi remove upper ones (tumors);

syrinx present remove largest one (tumdr)syrinx resolves in-B months (if noi means
residual tumor)

i target- mural nodule (otherwise, cyst will recuryjo need to resect capsuliet is nonenhancing
on MRI.

0 cyst wall is not removed unless there is evidence of tumor within the cyst wall on MRI
(typically thick-walled cysts) owisually at the time of surgerp{ALA fluorescence may
aid in visual lealization of small hemandixastomas within the cyst wall)

1 surgical principles similar to those used in treating AVMs

0 pre-operative embolization may help reduce the vascularity

d identify feeding vessel¥ coagulateand cut (arterial feeders prior to draining veins!)

0 do notremove inpiecemeal fashionsignificant bleeding may ensue!

9 coagulatetumor surface(to shrink the tumorwith wide bipolar forceps (avoid penetration of
tumor itself due to its extreme vascularity and difficulties with hemostasis).

1 dissect tumor circumferentiallypy carefuldevascularizing blood supp(goagulation and cutting
small feeding vessélsreleasingadhesions between tumor and surrounding tissue by putting
cottonoid strips into developing plane to avoid direct pressure on brain or spinal cord tissue.

0 HGBs with attachment to floor of 4th ventricle mayHazardous to remove (careio
respiratory complications).

1 gentlypack resection cavitwi t h wet cotton balls Y blood o

1 need for permanent shuistdetermined by responseBE¥D clamping.

N.B. all patients must be screened fFEOCHROMOCYTOMAPreop (may caugeerioperative
hypertensive crisis induced by anesthetic or analgesic ag&#sour urine free cortisol or plasma
concentrations of metanephrine and normetanepNrineC T evaluation revealpheochromocytoma
Y resecipheo first {f resection is prohibitive, preoperatilEblockadewith b-blockade begun only
afterUblockace t o0 avoi dactvityopposed U
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A. Transcortical

THIRD VENTRICLE

approach

@

Transcallosal

(interhemispheric) approach

Interforniceal

oCowz

Transforaminal approach
Transchoroidal approach

approach

Translamina terminalis approach(subfrontal or endoscopic transnasgl

Dr. CohenGadolapproaches:

Lesion Location

Suggested Approaches

Anterior Anterior interhemispheric transcallosal expanded transforaminal
transvenous transchoroidal
Anterior transfrontal transcortical transforaminal approach
Subfrontal translamina terminalis

Parasellar Endoscopic transnasal translamina terminalis

Lateral ventricle
extension

Anterior interhemispheric transcallosal transchoroidal

Posterior

Posterior interhemispheric transcallosal intervenous/paravenous
Supracerebellar transventricular

Occipital interhemispheric transtentorial

Anterior interhemispheric transcallosal interforniceal

Pineal Region

Posterior interhemispheric transcallosal intervenous/paravenous
Infratentorial supracerebellar

A. Transcortical

*in relation to internal cerebral veins

approachi facilitated by ventriculomegaly

a. Transforaminal approach
b. Transchoroidal approach entering either abowver below choroid plexyshrough velum
interpositum (roof for third ventricle):

a)

b)

B. Transcallosal

subchoroidal approachi avoid(may be necessary to cauterinalamostriate
vein).

suprachoroidal approach(correct routeon board exami) via taenia fornicis
incision is made abowvend medial tachoroid plexus’ choroid isdeflected
inferiorly and choroidal fissure (between thalamus and fornix) is ertenggroach
requires lessnanipulation of superficial thalamic and caudate vesefer.

(interhemispheric) Interforniceal or Transforaminal approachi equally

effective in reaching foramen of Monro widrge or small ventricles

Corpus
callosum

Septum
pellucidum

Foramen
of Monro

\Y
\
Subchoroidal
) Suprachoroidal -71
’ \Transforaminal
e
Septum Fornix ~ Septalv.  Foramen of Monro

pellucidum \

|~ Head of caudate
nucleus

| Thalamostriate v.

— Sulcus terminalis

Columns
of fornix

Internal

— Thalamus

~ Choroid plexus

cerebral v.

Third
ventricle —=

Pineal gland

Vein of Galen

\Area of
septal
fenestration

Taenia
fornicis
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Interforniceal approach

Corpus
callosum
Subchoroidal Suprachoroidal
trans-velum approach
interpositum

approach Choroid plexus of

lateral ventricle

. Thalamostriate v.
Forniceal

columns

Internal cerebral v.

Choroid plexus
of third ventricle

Thalamus

Third
ventricle

Mammillary
body

Source of picture R. Jandi al fiCore Techniques 40m | 0meer aatfliel/(2211) Sauwmders ulr
ISBN-13: 9781437709070 >>

Source of pictureNeurosurgical atlas by Aaron Coh@adol >>

1 genu of the internal capsudpproaches ventricular surface and directly touches wall of lateral
ventricle immediately lateral to foramen of Monro
1 experts say that it is OK to divide massa intermedia.

ENDOSCOPIC TRANSVENTRICULAR APPROACH

Pending
Jandial, procedure 47

TRANSFORAMINAL APPROACH

1 lesions in anterior third ventricle are often easily accessible through foramen of (dometimes
expand and protrude through foran), esp. soft or cystic tumors

Source of picture: R. Jandi al ACor e T-OmnHningu edied (2011)) fFadnders; ilv ¢
ISBN-13: 9781437709070 >>

1 lesions withsignificant mass effedometimes alreadyave caused dilation of the foramen,
facilitating the surgical approacfgraminalpatency can be assessed with the use of forceps or
with probing with a Silastic shutibe.

N.B. dilating the foramen can lead to postoperative memory deficggofornix injury! Also
lateral side of foramen of Monroe is madeyefiu of internal capsule

1 enter lateral ventricle

a) interhemispheric transcallosal>>



http://www.amazon.com/gp/product/1437709079
http://www.amazon.com/gp/product/1437709079
http://www.neurosurgicalatlas.com/
http://www.amazon.com/gp/product/1437709079
http://www.amazon.com/gp/product/1437709079































































































































