Brain Tumor Surgery
Last updatedSeptember 5, 2017
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CRANIOTOMY DETAILS T See
VESTIBULAR SCHWANNOMA T see

PREOP

Detailedpreopimaging studies- large lesions may distort normal anato(agp. vessels up to
CTA)!

T

T
T

angiography is important ievaluationof lesion's vascular suppandvenous drainaggorior to
interhemispheric dissectipn

preoperativeembolization can decrease intraoperative blood loss.

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

DETERMINE RESECTABIL ITY

In almost every insnce in which brain tumor is diagnosédst consideration is its surgical
resectability (exception- multiple brain metastases)

Surgery should be first therapeutic modality for tumor!

even potentially curable tumors (suchvEINGIOMASOr ACOUSTICNEUROMAS may reside in
positions that make complete resection technically impossible!

only 46% of malignant gliomas in USA are gross totally resected (mostly for fear of functional
deficits other gliomas only cytoreductive resectionhow it can be immpved:

1. fMRI for cortical mapping (BOLD- shows increased venous drainage [not electrical activity

of neurons] from active cortex).

2. DTI (tractography) for subcorticalstructuresqone by PhD connecting relevant brain
structure}- to see ot if tract is inwlved (usually thatan tell clinically) but whereloquent
tract is displaced by tumor (so will see how safely approach tumor)

INTRA-AXIAL TUMORS

T

rarelyamenabldo RADICAL surgical resection;


http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%20Craniotomies.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc62.%20Schwannomas%20of%20Cranial%20Nerves.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc1.%20Brain%20Tumors%20(GENERAL).pdf#Angiography

I most gliomas lack microscopic boundaries!; glioma cells miayate several
centimeters along white matter pathways, including corpus callosum, making
complete resection impossible.

i nonglial tumors generally grow by expansion.

1 debulkingevenof malignant gliomas has some benefit (cytoreduction).

N.B. brain stem tmorsare not amenable to surgical therapy (even biopsy is hazardous!)
single brain metastasis is indication for surgical resection (depending on systemic medical statu
avoidradical* operations on tumors involvinganguage areas, sensorimotor regitasal
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 tractography)acilitates surgery bghowing that tumor has pushed
aside critical brain structures.

EXTRA -AXIAL TUMORS

1 potentially curableby surgery, but often located in regions that are difficult to reach surgically.

=a =4

ANESTHESIA

1 in era of modern neuroanesthesia, it is rare that caniomust not be done because of poor
general medical status.

1 anesthesiavith lack of effect on ICP.

I increasing number of resections in dominant hemisphere are done under local

anesthesia for purpose of speech mapping.

1 mAanNITOL (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 GBI
for mannitolto start working and those 30 minutes are with increased rheological bleeding;
mannit ol peak effect | asts sever al hour so) .
DEXAMETHASONE (usually 10 mg IV)should be administerdzefore manipulating nervous tissue
AED if cortex will be violated or signiiant retraction of lobes is expected.
some routinely administ@ROMODEOXYURIDINE IV (during induction of anesthesiajumor
labeling on fixed tissue postoperatively.

E

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. gyralcrown) 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).
1 localization of subcortical tumars
a) intraoperative ultrasonography
b) frameless MRiguidednavigation(markers on patient's scalp).

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 otransorbloriranspalatal e s
approach (may be extended by osteotomy of mandible).
d) tumorsofpaanasal sinuses and wapgbaeial aporoaeh(tdekpose d
mandible for osteotomy, midface can be degloved).

Lateral approachdbrough temporal bone tiddle skull basée.g. petrosal or presigmoid approach
in which petrosal bone igitled away).

Posterior approaches
a) extreme lateral approach- exposes lower third of clivus, cerebellopontine angle, and
petrous surface temporal bone.
b)l esi ons of c¢er erbt@hastoipcoanidompe angl e Y
c) lesions of petrous surface of temporahb® siYboccipital craniotomy.

SURGICAL PRINCIPLES

For craniotomy details see

There is no surgical method thedn 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.

{ sitting position- risk of air embolism, less comfortable 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 skullracause depressed fractuneay usepediatric ping.

MONITORING

1 intraoperative cranial nerve monitorin@lerts surgeon when nerves are at risk of damage; cranial
nerves X1l can be monitored intraoperatively (e.g. CN7 monitored with EMG, CN8 monitored
with BEAR).

1 intraoperative electrocorticography (ECo@ useful inguiding epilepsy surgery, e.gimor-
associated epilepsy (esp. in lestgnding or severe seizures).

MAPPING OF ELOQUENT CORTEX

- s e ewaReAraniotomy i n p= Op300

BRAIN RELAXATION



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

- dura is opened only after brain has been softened completatatyitol diuresiandintraoperative
hypeventilation (sometimes few minutes' wait is necessatys brief pause can be critical to
success!).

OPERATIVE CORRIDOR

1. Sulcal approachto limit cortical manipulationr{eed to access large lesions degpram may
make this too confining).
No gyrusshould be entered, unless it is involved in tumor.

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); tumardo not spreatdetween these regions
2) sulci(e.g. BrainPath circular retractoratraumatic transsulcal approach)
3) ventriclesT to operateendoscopicallythrough ventricles), eed 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 strctures $hortest pathway tiesion is not
necessarilypest optioi.

deliverlesion intofield of view without excessive retraction(requires patienge

0 one ofmost common causes of postoperative neurological deficits is excessive

retraction(to exposanassor to stop bleeding

=

w

. Corticotomy (most likely at cortex closest to tumor surfacepagulate with bipolar + cut with
microscissors / spread with bipolar prongs (or sucker tip).
1 incisions througltortex orcorpus callosum should lmeveredwith absorbable hemostatic bartier
(such as Surgicel or Gelfoanwo keepfluid contained withirventricles
*make surematerialdoesnot fall intoventricleto cause obstruction

4. Retractors- Greenberg retractors.

1 for intraventricular tumors uséycor / BrainPath retractors (connect to Greenberg frame) /
Greenberg retractors.

handheld retractors are less traumatic (retraction injury).

]

BLOOD SUPPLY

Early access to blood supply obtain proximal control.

7 initial portions of tumor resection should be dtesttoward gaining accesswuascular supply.

1 intraventriculatumors mayreceive blood supply from choroidal vessels of katterior and
posterior circulations

1 exsanguination ifikely cause okarlier reports of high mortality in infants with choroiéxus
papillomas

1 preserve vessel@they may besn passageviolating them will cause strokgf both arterial and
venous supplies of structure are to be $iaed, arterial supply should be interrupted firfko
avoid congestion, bleeding, asdelling).

TUMOR RESECTION

1. Piecemeal removabflarge masses b i pol ar & gentl e suction, C
dissecting remaining shell from surroumgl normal brain tissuby advancing patties / Telfa into
interface(i.e. resection proceedsdm inside out so that surrounding normal wiitgtter is
disturbed minimally).

may use saline spray with blunt needle tip to open plane.

piecemeal resections will result fmeeding and many times thisannotbe avoided

intra ventricular bleedingY protectforamen of Monro wittcotton square (to avoid obscuration

of this structure and to prevent blood from poolingie nt r i opioassir)igatén @k of

postoperative ventricular obstruction and probably postoperative headache
*if foramen ofMonro cannotbe cleared of obstructipppenwindow inseptum
pellucidum(almost routinely).

1 early reports of lateral ventricular tumors that disptayire lesion agross pathological specimen
clearly demonstrate whgurgery caused profound neurologideficits and high mortality.

1 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 dispensingrgatd solubilize fragments and another suctioning away
that suspension.

E

A allows for internal debulking of large tumors and reduces amount of brain
retraction needed for tumor removal.
T inlimited access location€0O; lasercan vaporize tumor tissue with lsoff technigue (such
tumor removal is slow).
71 for low grade glioma$ remove entire gyrus usirggibpial dissectioi hold edge of pia with
pickup and suck parenchyma with sucker along pial inner surface.

2. Total resectionshould be goal of surgery

| Goal- resection ofaximal amountof tumor consistent witfunctional preservation

Although there is a lack of high quality evidence, estimated benefits of gross total resection are that it may extend surviva
from around 11 to 14 months in glioblastonmal &rom around 60 to 90 months in low grade glio®anai 2009

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

1 incomplete removal may be preferable wiséa ofattachment invades into deep structures such as
thalamus (goal is debulkinghen mass ééct is cause of symptoms)

TUMOR FENCING

- inserting along tumor perimeter (using navigatiBegker cathetergcut flush to brain surface but
still tend to fall ow) or strings of patties

Intraoperative MRI (iMRI, ioMRI)

1 be aware othin rim enhancement along the surface of the resection cadwitiffactcaused 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

FLUORESCENCE-GUIDED RESECTION (S. CHEMONAVIGATION)

5-ALA and iMRI work synergistically



1 fluorescencgives 2D reattime surface informan and may sometimes be hidden behind
overhanging edges or obscured by blood, can be used to wisely augment the capabilities of mo!
complex and nomeakttime iIMRI, which gives 2D information, to safely optimize resections.

FLUORESCEIN SODIUM

I 3-20 mg/kg IV at dural opening60 nmmicroscope filter.
i contraindicatiori serum creatinine > 2 mg/dL.

5-AMINOLEVULINIC ACID (5-ALA)

Mechanism of action

1 5-ALA is metabolized to protoporphyrin 1X, an endogenous fluorescent bioproduct, astpart of
heme biosynthesis pathway.

1 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 biosynthiss- useful for the intraoperative discrimination of tumor
and normal tissue in the operating room, as wekAEA i based photodynamic therapy.

Practical
1 1 gistakenPO2 h before surgery
1 5-ALA leads to accumulation of fluorescent porphy(m®topophyrin IX) in tumor tissue.
i target regions exposed to laser light wi#05 nmpeakwavelength (with hantield device):
i laser light is blue.
I tumor tissue glows red.
i surrounding infiltrated tissue glows orange.
i after operation, avoid direct sunlight for Bdurs.

Studies
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 present (negative predictive value only 37%)
Hauser, Sonj a-ARinolevuldic Acid iFlnorescgncesintraoperative Magnetic
Resonance Imaging in Glioblastoma Surgery: AHistolBggs ed Eval uati ono
April 2016- Volume 78 Issue 4 p 475 483
In 11 of 12 operations, residual contrast enhancement on iMRI was found after
complete resection of 5-ALA fluorescent tissue.
Not all glioblastoma tissue exhibits 5-ALA fluorescence and not all areas of iIMRI
contrast enhancement represent tumor. iIMRI performed after complete resection of 5-
ALA fluorescent tissue shows contrast-enhancing regions suspicious for tumor in a high
percentage of cases (91.6%), whereas these regions in fact contain tumor in only
64.3%.

1 itis well established that even MRbnenhancing lowand highgrade gliomas will show
fluorescence in about 20% of cases
Fluorescencashows moréhan expected from gadoliniuemhancement
10-20% lowgrade gliomashow visibleés-ALA accumulatioh

Aldave G, Tejada S, Pay E, et al.. Prognostic value of residual fluorescent tissue in glioblaston
patients after gross total resection irainolevulinic 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 P, Knittel S, Slotboom J, et alAIBA complete resections go beyond MR contrast
enhancement: shift corrected volumetric analysis of the extent of resection in surgery for
glioblastoma. Acta NeurochiWien). 2014;156(2):30%312

Volume of fluorescing tissue is about double the volume of enhancement on MRI.

Roessler K, Becherer A, Donat M, Cejna M, Zachenhofer |. Intraoperative tissue fluorescence
using 5aminolevolinic acid (FALA) is more sensitive thacontrast MRI or amino acid positron
emission tomography ((18)FET PET) in glioblastoma surgery. Neurol Res. 2012;34(3):314
317

Fluorescence extends even beyond the fluoro-ethyl-tyrosine-PET zone of

hypermetabolism.

EDA approval
June 6, 2017- FDA hasapproved Gleolan [aminolevulinic acid hydrochloride (ALA HCI)] as an

optical imaging agent indicated in patients with gliomas (suspected World Health
Organization Grades Ill or IV on preoperative imaging) as an adjunct for the visualization of
malignant tissue during surgery.

recommended oral dose: 20 mg/kg administered 3 hours (range 2 to 4 hours) prior to
induction of anesthesia.

use operating microscope adapted with a blue emitting light source and filters for excitation
light of wavelength 375 to 440 nm, and observation at wavelengths of 620 to 710 nm.

do not administer phototoxic drugs for 24 hours during the perioperative period. Reduce
exposure to sunlight or room lights for 24 hours postoperatively.

Mechanism of Action (MOA), General Pharmacokinetics  (PK), and Pharmacodynamics
(PD)

1 MOA: Exogenous administration of ALA HCI leads to accumulation of its metabolite
protoporphyrin IX (PpIX) in tumor cells. Under an operating microscope adapted
with a specific blue emitting light source and filters, tumor t issue is visualized as red
fluorescence. Tissue lacking sufficient PplX concentrations appears blue.

1 Absorption: The mean absolute bioavailability of ALA HCI following the approved
recommended dose of Gleolan solution was 100%. Maximum ALA plasma
concentrations were reached within a median of 0.8 hour. The Tmax for PpIX
occurred within a median of 4 hours. Protein Binding: The mean protein binding of
ALA was 12% at concentrations up to approximately 25% of the maximal
concentration following the approved re commended dose of Gleolan.

1 Half-Life: The mean halflife of ALA is approximately 1 hour. The mean elimination
half-life of PplX is 3.6 hours.

1 Metabolism: Exogenous ALA is metabolized to PplX, but the fraction of
administered ALA that is metabolized to PpIXis unknown. The average plasma AUC
of PpIX is < 6% of that of ALA.

1 Excretion:The mean excretion of parent ALA in urine in the 12 hours following
administration of the approved recommended dose of Gleolan was 34%.

Drug Interactions

Patients exposed to a photosensitizing agent may experience a phototoxic skin reaction
(severe sunburn). Avoid administering photot
thiazide diuretics, sulfonylureas, phenothiazines, sulphonamides, quinolones, and



tetracyclines) and topical preparations containing ALA for 24 hours before and after
administration of Gleolan.

Specific Populations

The effect of renal or hepatic impairment on the PK of ALA following Gleolan administration
is unknown.

Efficacy and Safety

The efficacy of 20 mg/kg ALA HCI was evaluated in three clinical studies (Studies 1 3)
involving patients, ages 18 to 75 years old, who had a preoperative MRI compatible with
malignant glioma and were undergoing surgical resection.

Both open-labelled studies, Study 1 induded 33 patients with newly diagnosed glioma and
Study 2 included 36 patients with recurrent glioma. Both studies compared fluorescence
(positive/negative) to tumor status (true/false) using histopathology as the reference
standard.

Study 3 was a randomizd, multi-center study in 415 patients with a preoperative diagnosis of
high-grade glioma by MRI. In patients with confirmed high -grade glioma randomized to the

ALA fluorescence arm, presence of fluorescence at a biopsy level was compared to tumor

status using histopathology as the reference standard. In 4 patients with low-grade glioma

who received ALA HCI, 9 out of 10 fluorescent biopsies were false negative. Determined by a
central blinded read of early post-surgical MRI, the percentage of patients who had

ocompl etenessd6 of resection was 64% in the A
with the difference of 26% (95% CI: 16%, 36%).

A total of 295, 370, and 479 biopsies were obtained in Studies 1, 2, and 3, respectively. True
positive biopsies (i.e., biopsies that were positive by histopathology and fluorescence) were
176, 342, and 312, respectively. False positive biopsies (i.e., biopsies that were negative by
histopathology and positive by fluorescence) were 7, 12, and 7, respectively. True negave
biopsies were 27, 3, and 30, respectively. False negative biopsies were 85, 13, and 130,
respectively.

The safety of Gleolan is supported by 5 clinical studies which included 527 patients with
glioma who received ALA HCI and 21 healthy volunteers.Adverse reactions that occurred in >
1% of patients in the week following surgery were pyrexia, hypotension, nausea, and
vomiting. Adverse reactions occurring in < 1% of patients in the first 6 weeks after surgery
were chills, photosensitivity reaction, soar dermatitis, hypotension, abnormal liver function
test, and diarrhea. One patient experienced respiratory failure due to drug overdose.

CLOSURE

1 tumor cavity is then examined for bleeding points, and meticlien®stasigsometimes difficult
but must le perfec} is secured prior to closure.

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

0 Dr. Grahamays Surgicel in tumor cavity

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

1 tumor cystxan be drained and, when possible, fenestrated into adjacent ventricle to prevent
reaccumulation.

1 about GSF drainag&/

Allen

The piaarachnoid is opened using bipolar coagulation along line of incision whinhde by sharp
dissection. It is usually safe to make subpial dissection to adjacent sulcus, continuing into white ma
and seeking plane between tumor and edematous brain. Some tumors present with false capsule, |
such lines of demarcation are ubpdelimited. 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 istilaedricle 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 individually occluded and divided by sharp dissection. The plane
dissection can be preserviegluse 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 bedegiarcated, but usually such lines of
delineation fade out so that separation must continue along areas ofiorfiltha other cases where

infilt rating 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 must be individually occluded anddeid by sharp dissection. Ultrasonic aspiration
may supplement suction and coagulation.

Resection of infiltrating lesions requires debulking of agsually by aspiration and often with
ultrasonic aspation. Generally, blood loss from highly vasculaoplasms 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 aidsaliation of structures and identification of vessels.
When bulk of tumor has been removed, further search for additional tumor is carried out and such
fragments are removed. The ultrasonic aspires helpful in this maneuver.

POSTOPERATIVELY

1 extubaton:

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 nieyextubated in operating room.

ICU for at least 1 night.
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 VirseRs.
9 speed of weaning depends on:

1) postop new deficits
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http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc18.%20Primitive%20Neuroectodermal%20Tumors.pdf#CSF_drainage

2) amount of edema on postop FLAIR MRI
9 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
1 corticosteroids again may be needeeding or after radiation therapy.

AED

Continueanticonvulsantsfor at leastZ days few recommend 1 yeaj.

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 for most seizures cease spontanec
(when patients are initially seizulee after surgery, seizure recurrence sagted 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 locationsaguch
temporal ad parietal lobes

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

3) postsurgical complicationhydrocephalus, edema, or infectjon

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

1 new generation of AEDGGABAPENTIN, LEVETIRACETAM) arenot metabolized by CYP isoenzymes

There are studies that do not support prophylactic AED use:

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

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

PHENYTOIN VS. placebdor 7 days postop.

incidence of all seizures was 18% in observation group and 2#%6phylaxis group (p = 0.51).
incidence of early seizures (< 30 days after surgery) was 8% in observatiorvgddo in prophylais
group (p = 1.0).

incidence of clinicly significant early seizures was 3% in observation group and 2%@phylaxis group
(p =0.62).

1 prophylaxis group experienced significantly more adverse events (18% vs 0%, p < 0.01).
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Ri cardo J. Komot ar #fAPr ophyl atstndecgoirsy supratentoiial memirtgionta d
resection: a systematic ana499,2dls of efficacyo. J
1 review of 698 patients
1 no significant differences in incidence of early or late seizures between AED #tDhoohorts.
conclusions prophylactic administration of anticonvulsants during resection of supratentorial meningioma
provides no benefit in prevention of either early or late postoperative seizures.

ANTIEMBOLIC MEASURES

f compression bootsubQ heparin immediatelypostdp ear |y passive exerc
mobilization!!!

POSTOPERATIVE IMAGING

1 baselinecontrast MRwithin 48 hours to evaluate resection succesg«], 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 evolution) &eeks latr and radiologt will call it as
“tumor progression"”.

1 for tumors withpropensity for leptomeningeal spre@EDULLOBLASTOMASEPENDYMOMAS
CHOROID PLEXUS CARGIOMAS certainPINEAL GERMINOMAY test before further postoperative
therapy:

1) CSF cytologic exanination at least 2 weeks after surgéryL 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 inadequéateay 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. baselinespinalMRI 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 seadary to surgery regress while drop metastasis remain stable or
increase).

ROUTINE SURVEILLANCE (unwarranted irasymptomatipatients followingcomplete resectioof
benigntumors):

every 36 months during first 2 years;

every 612 months for following 2B years

every 35-years (for detection of late events such as radiatidnced meningiomas).
T residual or r ecur r &@mdnthsafiendungesysuggesteutremaec 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 reoperatior:

COMPLICATIONS

1 operativevoRBIDITY depends largely on tumor location (highiedt0-20%/1 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 Kageji et al. Postoperative Hematoma Requiring Recraniotomy in 1149 Consecutive
PatientsWith Intracranial Tumors. Oper Neurosurg (Hagerstown) (2017) 13 (3):3®2

0 incidence of a POH requng a recraniotomy was 2.09%.

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

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

CAVERNOUS SINUS AND MIDDLE FOSSA

PINEAL REGION TUMORS

http://www.neurosurgicalatlas.com/grarmlinds/resecticof-pinealregiontumorspearlsandpitfalls

POSTERIOR FOSSA TUMORS

1 EVD can beplaced frontally prior to positioning or occipitally onitee patient has been positioned
i1 place EVD in OR prior to craotomy (or at least prep for occipital Frazer bur hole)
i important to avoid hypertension immediately postofsk of bleeding into posterior fossal

CEREBELLOPONTINE ANG LE, 4TH VENTRICLE

Vestibular schwannomd p. ©Onc 62

BRAINSTEM TUMORS

CEREBELLAR TUMORS

navigation is not necessary but useful!

prone on chest rollsr white Wilson frame; head in Mayfotframe

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!
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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.

Inferior cerebellar tumors requireopening of the foramen magnum.

Midline tum ors can be resected after splitting ihéerior vermis.

Lateral hemispheric lesions- directly from a posterior trajectoryngering the paracerebellar
cisterns is generally not necessary, thus avoidkmpsure of the cranial nervesglit
hemispherigia horizontally (parallel to widened folia)
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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
http://www.neurosurgicalatlas.com/grand-rounds/resection-of-pineal-region-tumors-pearls-and-pitfalls
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc62.%20Schwannomas%20of%20Cranial%20Nerves.pdf
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Incise hemisphere Surf
A\ over lesion urace

(widened folia) A & L7 lesion

—

1 postoperative deficits
1. Cranial nerve deficits
2. CEREBELLAR MUTISM (anatomic origin deep cerebellar nuclgt oneof
most commonly citedomplications

HEMANGIOBLASTOMA

A. Cerebellar lesions- via suboccipital craniectomy;
Hydrocephal us Y external v en thydioephblssr resotvesa 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 notf means
residual tumor)

1 coagulatetumor surfacewith wide bipolar forceps (avoid penetration of tumor itself due to its
extreme vascularity and difficulties with hemostasis).

9 dissectumor circumferentiallyby careful coagulation and cutting small feeding vessels and

adhesions between tumor and surrounding tissue by putting cottonoid strips into developing pla

to avoid direct pressure on brain or spinal cord tissue.

identify feedingvesselY coagul ate and cut (arterial fee

gentlypack resection cavitwi t h wet cotton balls Y blood o

no need to resect capsulieit is nonenhancing on MRI.

need for permanent shuistdetermind by response tBVD clamping.
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N.B. all patients must be screened FMEOCHROMOCYTOMAPRreop (may causgerioperative
hypertensive crisis induced by anesthetic or analgesic ag&#sour urine free cortisol or plasma
concentrations of metanephrinedamormetanephring  C T evaluation revealpheochromocytoma
Y resectiorof pheo first if resection is prohibitive, preoperatiiblockadewith b-blockade begun
only afterUblockacke t o avoi dactiviyyopposed U

From Greenberg, p. 672

Surgical treatment may be curative in cases of sporadic HGB, not in VHbpErative embolization
may help reduce the vascularity. Cystic HGBs require removal of mural nodule (otherwise, cyst will
recur). The cyst wall is not removed unless there iseene of tumor within the cyst wall on MRI
(typically thick-walled cysts) owisually at the time of surgerg-ALA fluorescence may aid in visual
localization of small hemandiastomas within the cyst walbolid HGBs tend to be more difficult to
remove.They are treated like YWIs (avoid piecemeal removal), working along margin and
devascularizing blood supply. A helpful technique is to shrink the tumor by laying a length of bipolal
forceps along tumor surface and coagulating. HGBs with attachment tofldtr ventricle may be
hazardous to remove (cardiespiratory complications). Multiple lesions: if* 818cm diameter: may
treat as in solitary lesion. Smaller and deeper lesions may be difficult to locate at time of surgery.
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THIRD VENTRICLE

Transcortical approachi facilitated byventriculomegaly
Transcallosal(interhemispheric) approachi equally effective in reaching foramen of Monro
with large or small ventricles>

w >

Transforaminal approach
Transchoroidal approach
Interforniceal approach

O w»>

Subchoroidal ‘

)Suprachoroidal &! o (
| \Transforaminal 7 S N

=N
=

Line of incision——
’
’

Septum Fornix ~ Septalv.  Foramen of Monro
pellucidum \

\

Corpus

callosum |~ Head of caudate

nucleus

Septum

pellucidum L_ Thalamostriate v.

Foramen — Sulcus terminalis
of Monro
— Thalamus
Columns
of fornix

~ Choroid plexus

Internal \
cerebral v. Area of Taenia
septal fornicis
fenestration

Third
ventricle —=

Pineal gland

Vein of Galen

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 pictue R. Jandi al AfCore Techniques 40m | 0Qmeer aatfietl(2BI1) Saumders ulr
ISBN-13: 9781437709070 >>

9 experts say that it is OK to divide massa intermedia.

ENDOSCOPIC TRANSVENTRICULAR RESECTION OF 3P VENTRICLE COLLOID CY ST

Pending
Jandial, procedure 47

TRANSFORAMINAL RESECTION OF 3R° VENTRICLE COLLOID CY ST

1 lesions in the anterior portion of the third ventricle are often easily accessible through the forame
of Monro and sometimes even expand and protrude through the foramen.


http://www.amazon.com/gp/product/1437709079
http://www.amazon.com/gp/product/1437709079
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Lesion protruding through
foramen of Monro

for lesions that are soft or cystic, it is often appropriate to resedsdindr the lesionhrough the
foramen of Monro.
lesions with significant mass effect sometimes alrdalye caused dilation of the foramen,
facilitating the surgical approacfgraminalpatency can be assessed with the use of forceps or
with probing witha Silastic shuntube.
N.B. dilating the foramen can lead to postoperative memory deficggofornix injury! Also
lateral side of foramen of Monroe is madegefiu of internal capsule

dexamethasone, mannitol, no AED.
frontal parasaggital craniotomy

0 supine position with head in Mayfield headholder.

0 lazy-S incision in transverse fashion over midline, just in front of coronal suture
(two thirds anterior and one third posterior to coronal suthe¥e are no bridging
veins near coronal suture)

0 2 bur hoks (4 cm apart) with Acorn drill bit over superior sagittal sitiose should
be taken to dissect the dura carefully from the inner table working away from the
sagittal sinusgconnectour holeswith footplatei one side just parasagittal, other
side 3 cnmfrom midline

0 dura reflected towards sagittal sinus

Greenberg/Budde retractor, microscope
gentle retraction of frontal lobe away from falx
separate both cingulate gyri
bilateral pericallosal arteries gently separated
1-2 cm midline callosotomy using micnagtion tip (verify with navigation trajectory)
N.B. corpus callosum is very shiny brightly white!
enter lateral ventricle
venous angland choroid plexus lead into foramen of Monroe.
incision into tumor capsule and attempt debulking with pituitary rongealy faildue to rubbery
nature of cyst contenjts
very gentle tumor rocking allostumor delivery into lateral ventricle via foramen of Monroe.

Postoperativé see p. Onc36

TRANSCHOROIDAL (SUBCHOROIDAL OR SUPRACHOROIDAL ) APPROACH

- entering either abover below the choroid plexus in the body of thetat ventricle.

T
T

access into the third ventricle through the velum interpositum, which servesrasfifor the third
ventricle.
subchoroidd approach - incision is made in the taentaoroidea, and the chmd plexus is
reflected upwardmay be necessato cauterize onef the thalamostriate veins, which may be a
limiting factor inthe untethering of the choroidpotential* consequences of sacrificing a
unilateral striate vein include hemiplegmutism, and drowsiness.
*these postoperative morbiditisgy not occur, howevebecause of collateralization
by superficial cortical, posterior medullary, and galemnous systems
suprachoroidal approach(correct route on board exam for transchoroidal approedabjsion is
made abovand medial tadhe chooid plexus in the taenia fornicis, and the choroidefected
inferiorly - approach requires lessanipulation of the superficial thalamic and caudate veins
safer.

I NTERFORNICEAL APPROACH

- midline division of the forniceal bodies

T
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bilateralfornicealinjury canoccu  t hr o u g h maavdstpting nemdryanmair(mft
approach is reserved for casesvimch there is significant mass effect that distends the roof of the
third ventricle.

during development of a dissection plane in therifioi@iceal approach, remain cognizant of the
hippocampal commissura the posterior component of fornices.

preserve and retract gently the internal cerebral {epyearance may mimic colloid cyst)

most commonly encountered postoperative problem isigratrsmnesia of recervents (30% of
cases)most striking 24 to 72 hours postoperativehdresdves completely within 21 days.

LATERAL VENTRICULAR MASSES

Relatively high risk for mortality and neurological morbidity.

Massesn this location

T
T
T

oftenare benigriumors- grow atslow rate- reach very large size before identified.
cause hydragphalugheadache, poor balance, difficulty with memjory

localizing findings(aphasiaagnosiahemiparesis, et@re rarely preseritmostly occur with
entrapmenbof occipital and temporal horns.


http://www.amazon.com/gp/product/1437709079
http://www.amazon.com/gp/product/1437709079
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc30.%20Dermoid,%20Epidermoid,%20Cysts,%20Lipoma.pdf

Etiologies

Tumor Typical site
CoLLOID CYST Foramen of Monro /"$ventricle
SEGA Foramen of Monro
MENINGIOMA Trigone of lateral ventricle
CHOROID PLEXUS PAPILOMA 4" ventricle
EPENDYMOMA Lateral ventricle (moreommon in children), @ventricle
NEUROCYTOMA Lateral ventricles (involving septum pellucidum)
METASTASES Lateral ventricles, ependyma and choroid plexus

*most common lateral ventricle tumor in young adults

PREOPERATIVE
1 routineEVD.

OPERATIVE TECHNIQUE

Also see above for principles

Surgical approaches:

TEMPORAL LOBE

incisions provide access temporal horr{least likely site fomass lesion

temporal approa@sprovide early access tmterior choroidal artery but poor visualization of
posterior choroidal vesselguntil lesion is almost completely resected

ifmastoi d air cdokelwighgemarcas usenof bene wak. Y

normally temporal horn is approximately 3.5 cm froeempoal tip.

E

= =4

Safest temporal corticotomy ASITERIOR INFERIOR TEMPORAL GYRUS (middle temporal gyrus
might be OK on nondominant side)

Access tdemporal horn
A. Temporoparietal junction:

1) traverseangular gyru¥ dyslexia, agraphia, acalculia, ideomotor apraxiddminant
hemisphere (imondominant hemispherempaired visual memory, construction deficits,
neglect).

2) crossoptic radiationsY visual field deficit






















