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

 

PREOP 

VASCULAR STUDIES 

Detailed preop imaging studies - large lesions may distort normal anatomy (esp. vessels ï consider 

CTA or even DSA)! 

1) preop embolization 

2) intraop feeder and venous drainage localization and early control (esp. prior to 

interhemispheric dissection). see p. Onc1 >> 

 

EMBOLIZATION  

Preoperative embolization is for very vascular benign tumors 

ï usually skull base meningiomas! 

¶ goal ï to decrease intraoperative blood loss - directly related to deposition of embolic material as 

deeply as possible into the intrinsic tumoral vasculature - small particles, which can penetrate 100 

micrometer or smaller diameter vessels. 

¶ beware dangerous anastomoses! 

Embolization is not for ethmoidal feeders ï need to catheterize ophthalmic artery Ÿ 

risk of blindness! 

 

 

DETERMINE RESECTABILITY  

In almost every instance in which brain tumor is diagnosed, first consideration is its surgical 

resectability! (exception - multiple brain metastases) 

Surgery should be first therapeutic modality for tumor! 

 

¶ even potentially curable tumors (such as MENINGIOMAS or ACOUSTIC NEUROMAS) 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 ï only cytoreductive resection); how 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 subcortical structures - to see not if tract is involved (usually that 

can tell clinically) but where eloquent 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 on steroids ï means 

symptoms were coming from edema and tumor is not invading ï likely resectable! 

 

 

INTRA-AXIAL TUMORS  

¶ not always amenable to RADICAL  surgical resection; 

ï most gliomas lack microscopic boundaries!; glioma cells may migrate several 

centimeters along white matter pathways, including corpus callosum, making 

complete resection impossible. 

ï nonglial tumors generally grow by expansion. 

¶ debulking even of malignant gliomas has some benefit (cytoreduction). 

N.B. brain stem tumors are not amenable to surgical therapy (even biopsy is hazardous!) 

¶ solitary brain metastasis is indication for surgical resection (depending on systemic medical status). 

see p. Onc32 >> 

¶ avoid radical* operations on tumors involving: language 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) 

¶ functional imaging (fMRI, DTI tractography) facilitates surgery by showing that tumor has pushed 

aside critical brain structures. 

 

 

EXTRA -AXIAL TUMORS  

¶ potentially curable by surgery, if not located where difficult to reach surgically. 

 

 

CSF DIVERSION 

a) when there is a high risk of postop CSF leak (e.g. before trans-sphenoidal resection with tumor 

invading diaphragma sellae) Ÿ lumbar drain  

b) tumors causing hydrocephalus (esp. posterior fossa) ï low threshold to put EVD (drain at > 15) or 

at least prep for Frazer burhole. 

 

 

ANESTHESIA 

¶ in era of modern neuroanesthesia, it is rare that craniotomy must not be done because of poor 

general medical status. 

¶ anesthesia with lack of effect on ICP. 

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

anesthesia for purpose of speech mapping. 

¶ MMAANNNNIITTOOLL (1 g/kg) + hyperventilation (PCO2 25-30 mmHg) for definitive ICP reduction in 

preparation for brain retraction; administration time varies ï some experts give only at the 

beginning of ñbone workò, others give at the time of prep start (Dr. Broaddus ñIt takes 30 minutes 

for mannitol to start working and those 30 minutes are with increased rheological bleeding; 

mannitol peak effect lasts several hoursò). 

¶ DDEEXXAAMMEETTHHAASSOONNEE (usually 10 mg IV) should be administered before manipulating nervous tissue. 

¶ AAEEDD  if cortex will be violated or significant retraction of lobes is expected. 

¶ some routinely administer BBRROOMMOODDEEOOXXYYUURRIIDDIINNEE IV (during induction of anesthesia) - tumor 

labeling on fixed tissue postoperatively. 

http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%20Craniotomies.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op350.%2520Cerebrovascular%2520(open%2520techniques).pdf#SYLVIAN_FISSURE_SPLITTING
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op305.%20Transsphenoidal%20Pituitary%20Resection.pdf
http://www.neurosurgeryresident.net/Onc.%2520Oncology/Onc30.%2520Dermoid,%2520Epidermoid,%2520Cysts,%2520Lipoma.pdf#Colloid_cyst_surgery
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc62.%20Schwannomas%20of%20Cranial%20Nerves.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op345.%20Laser%20Ablation.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc1.%20Brain%20Tumors%20(GENERAL).pdf#Angiography
../../Onc.%20Oncology/Onc32.%20Brain%20Metastases.pdf#Surgery
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APPROACH SELECTION  

For craniotomy details ï see p. Op300 >> 

 

Tumors that reach cortical surface are approached through craniotomy at that site. 

 

Subcortical tumors are approached through: 

a) deep sulci (vs. gyral crown) avoiding eloquent areas (e.g. approaching lesion obliquely). 

ï cortical incision is å 3 cm in length. 

b) anterior corpus callosum (causes minimal, if any, deficit). 

c) dilated ventricles (intraventricular neoplasms). 

¶ localization of subcortical tumors: 

a) intraoperative ultrasonography 

b) neuronavigation 

c) chemonavigation 

 

Skull base tumors: 

Anterior skull base: 

a) tumor behind orbit (incl. tumors of gasserian ganglion and cavernous sinus) Ÿ 
orbitozygomatic approach (osteotomy through zygoma and orbital roof). 

b) tumors in sella turcica Ÿ trans-sphenoid approach. 

c) tumors of upper one third of clivus, lesions of odontoid process Ÿ transoral or transpalatal 

approach (may be extended by osteotomy of mandible). 

d) tumors of paranasal sinuses and upper one third of clivus Ÿ transfacial approach (to expose 

mandible for osteotomy, midface can be degloved). 

Lateral approaches through temporal bone to middle skull base (e.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) lesions of cerebellopontine angle Ÿ retromastoid craniotomy. 

c) lesions of petrous surface of temporal bone Ÿ suboccipital craniotomy. 

 

 

 

SURGICAL PRINCIPLES  

For craniotomy details ï see p. Op300 >> 

 

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

 

POSITION 

¶ prone position is comfortable for surgeon (registration for navigation might be challenging ï 

solutions: a) skin fiducials, b) O-arm automatic registration. 

¶ sitting position - risk of air embolism, less ergonomically comfortable for operating physician, but 

field is much clearer because drainage is easier. 

¶ head is held rigidly with pin fixation to minimize movement (for infants, use soft rings - pins can 

perforate infant's skull or cause depressed fracture; may use pediatric pins). 

 

 

MONITORING  

¶ intraoperative cranial nerve monitoring alerts surgeon when nerves are at risk of damage; cranial 

nerves II-XII can be monitored intraoperatively (e.g. CN7 monitored with EMG, CN8 monitored 

with BEAR). 

¶ intraoperative electrocorticography (ECoG) is useful in guiding epilepsy surgery ï to check for 

subsidence of interictal discharges, e.g. tumor-associated epilepsy (esp. in long-standing or severe 

seizures). 

¶ intraoperative electrocorticography (ECoG) and subcortical stimulation ï for targets near motor 

system. 

¶ MEP, SSEP ï use heavily but have a reason; e.g. anterior frontal tumor ï risk of SMA ï if plegic 

postop but MEP was OK then motor will recover. 

N.B. MEP can activate deep structures (further than where surgery is happening), so 

ECoG stim is more reliable! 

 

 

MAPPING OF ELOQUENT CORTEX  

- see ñAwake craniotomyò in p. Op300 >> 

 

 

BRAIN RELAXATION  

¶ dura is opened only after brain has been softened completely by mannitol diuresis and 

intraoperative hyperventilation (sometimes few minutes' wait is necessary - this brief pause can be 

critical to success!). 

¶ in some cases, it is worth placing lumbar drain  to drain CSF ï causes further brain relaxation. 

¶ draining CSF from basal cisterns. 

 

 

OPERATIVE CORRIDOR  

1. Trans-sulcal approach to limit cortical manipulation ï best for subcortical lesions (need to access 

large lesions deep in brain may make this too confining); disadvantage ï retracts two gyri, may 

sacrifice sulcal vasculature. 

No gyrus should be entered, unless it is involved in tumor. 

Longer but safer pathways through sulci and fissures minimize cortical retraction and preserve 

white matter tracts! 

 

2. Use natural corridors: 

1) fissures (do not violate normal cortex); e.g. medial temporal* tumor - approach from 

Sylvian fissure split above Sylvian vessels (up to choroidal fissure). 

*medial temporal region (memory) is phylogenetically different than lateral 

(Wernicke, auditory); tumors do not spread between these regions. 

2) sulci (e.g. BrainPath circular retractor ï atraumatic transsulcal approach) 

3) ventricles ï to operate endoscopically (through ventricles), need large hydrocephalus 

(e.g. clamp EVD at midnight - enlarged ventricles can be used to surgeon's advantage in 

planning access) 

ð optimal corridor to ventricles should not compromise neurological function through 

direct manipulation of eloquent cortical structures (shortest pathway to lesion is not 

necessarily best option). 

¶ deliver lesion into field of view without excessive retraction (requires patience) 

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#Awake_crani
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ð one of most common causes of postoperative neurological deficits is excessive 

retraction (to expose mass or to stop bleeding) 

 

3. Transcortical approach (most likely at cortex closest to tumor surface) - coagulate with bipolar + 

cut with microscissors / spread with bipolar prongs (or sucker tip). 

¶ incisions through cortex or corpus callosum should be covered with absorbable hemostatic barrier*  

(such as Surgicel or Gelfoam) to keep fluid contained within ventricles 

*make sure material does not fall into ventricle to cause obstruction. 

 

4. Retractors - Greenberg retractors. 

¶ for intraventricular tumors - use Vycor / BrainPath retractors (connect to Greenberg frame) / 

Greenberg retractors; endoscope (only if HCP is present) 

¶ handheld retractors are less traumatic (retraction injury) ï so called dynamic retraction. 

¶ gravity retraction ï explained by Dr. Lawton ï sometimes counterintuitive gravity retraction gives 

better access and view: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

 

5. As lesionôs depth advances, operative working angles become more important than simple extent 

of exposure 

 

 

DURAL OPENING  

¶ dura may be incised in either a curvilinear or stellate fashion. 

¶ large enough opening - normal tissue visible on all sides of lesion, esp. if mapping is 

contemplated. 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

¶ gliomas seems to respect gyral borders (but thin normal appearing cortex may cover tumor -

superficial tumor location is marked with an ñXò while its subcortical boundaries are marked 

with black suture: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

 

BLOOD SUPPLY 

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

¶ initial portions of tumor resection should be directed toward gaining access to vascular supply. 

¶ intraventricular tumors may receive blood supply from choroidal vessels of both anterior and 

posterior circulations. 

http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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¶ exsanguination is likely cause of earlier reports of high mortality in infants with choroid plexus 

papillomas. 

¶ preserve vessels (they may be en passage - violating them will cause stroke); if both arterial and 

venous supplies of structure are to be sacrificed, arterial supply should be interrupted first (to 

avoid congestion, bleeding, and swelling). 

 

 

TUMOR RESECTION  

Mark tumor borders on the cortex using bipolar (before the tumor is debulked - tumor decompression 

can render navigation less accurate due to brain shift) Ÿ subpial coagulation and dissection for tumor 

disconnection from surrounding cortices: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

Always send for frozen pathology ï to confirm preoperative diagnosis! 

 

 

Given diffuse nature, tumor edges in HGGs are difficult to fully delineate (vs. necrotic core is clearly 

distinguishable) ï may leave enhancing wall behind. 

¶ pseudo plane may sometimes be present between contrast-enhancing wall and surrounding 

tissue. 

¶ navigation (initially) Ÿ fluorescence (when resection cavity collapses and its walls fold onto 

themselves, residual tumor may easily hide within these walls). 

 

Suction + Bipolar synergy 

¶ sucker tip acts as dissector and dynamic retractor. 

¶ bipolar forceps repeatedly grabs and coagulates pseudo capsule (emulsification disconnects 

pseudo capsule from peritumoral edematous tissue) Ÿ suction removes this emulsified material 

and exposes the next layer of the pseudocapsule. 

¶ bipolar forceps acts as tumor scissors by repeated opening and closing while coagulating: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

METHOD OF RESECTION  

When possible, circumferential disconnection and tumor delivery en bloc is ideal - minimized blood 

loss, best navigation accuracy! 

 

1. Piecemeal removal of large masses (bipolar & gentle suction, CUSA): debulking tumor center Ÿ 

dissecting remaining shell from surrounding normal brain tissue by 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 white matter is 

disturbed minimally). 

N.B. resist temptation to pull the tumor en bloc ï there could be a critical vessel attached to 

tumor base (where you cannot see and can be avulsed); also tumor base can be attached to 

dural sinus wall, etc 

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

¶ piecemeal resections will result in bleeding, and many times this cannot be avoided. 

¶ intra ventricular  bleeding Ÿ protect foramen of Monro with cotton square*  (to avoid obscuration 

of this structure and to prevent blood from pooling in ventricles) Ÿ copious irrigation (Źrisk of 

postoperative ventricular obstruction and probably postoperative headache). 

*if foramen of Monro cannot be cleared of obstruction, open window in septum 

pellucidum (almost routinely). 

¶ early reports of lateral ventricular tumors that display entire lesion as gross pathological specimen 

clearly demonstrate why surgery caused profound neurological deficits and high mortality. 

¶ removal of firm, adherent, or calcified tumor is simplified by Cavitron ultrasonic aspirator 

(CUSA) - tip vibrates at 22,000 Hz - ultrasonically disrupts tumor; tip is surrounded by two 

concentric channels, one dispensing saline to solubilize fragments and another suctioning away 

that suspension. 

Á allows for internal debulking of large tumors and reduces amount of brain 

retraction needed for tumor removal. 

¶ in limited access locations, CO2 laser can vaporize tumor tissue with hands-off technique (such 

tumor removal is slow). 

¶ for low grade gliomas ï remove entire gyrus using subpial dissection ï hold edge of pia with 

pickup and suck parenchyma with sucker along pial inner surface. 

 

2. Total resection should be goal of surgery. 

¶ glistening peritumoral white matter is seen easily through microscope as tumor's margin is reached 

- at this interface resection is stopped. 

¶ incomplete removal may be preferable when site of attachment invades into deep structures such as 

thalamus (goal is debulking when mass effect is cause of symptoms). 

 

3. Intralesional (piecemeal) vs. circumferential perilesional (en bloc* ) resection 
Al-Holou et al. Perilesional Resection of Glioblastoma Is Independently Associated With 

Improved Outcomes. Neurosurgery 86:112ï121, 2020 

*GBM is known to be infiltrative, and thus a true en bloc resection is not possible 

¶ intralesional fashion - contrast enhancing portion of the tumor is entered, and the tumor is removed 

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 ñdecompressedò, shift does not happen and computer-assisted surgical 

guidance is relatively well maintained throughout the case. 
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¶ perilesional tumor resection was associated with a significantly higher rate of GTR than 

intralesional resection (81% vs 62%, multivariate odds ratio = 2.5). 

¶ among tumors in eloquent cortex, perilesional resection had a higher rate of GTR (79% vs 58%, 

respectively, P < 0.001) and a lower rate of neurological complications (11% vs 20%, P = 0.018). 

 

 

EXTENT OF TUMOR RESECTION  

Goal - resection of maximal amount of tumor consistent with functional preservation 

 

OOnnccoo--FFuunncctt iioonnaall   bbaallaannccee: more resection is better for survival unless causing deficits! 

 

¶ gross total resection may extend survival from around 11 to 14 months in glioblastoma and from 

60 to 90 months in low grade glioma (Sanai 2009). 

 

High-grade gliomas ï see p. Onc10 >> 

Low-grade gliomas ï see p. Onc10 >> 

 

 

TUMOR FENCING  

- inserting along tumor perimeter (using navigation, before tumor resection ï to avoid shift) Becker 

ventricular catheters (cut flush to brain surface but still tend to fall out ï so suture to dura edges) or 

strings of patties. 

During tumor resection keep going until encounter ñfence polesò ï serve also as depth guides (not just 

perimeter guides). 

 

 

VENTRICULAR ENTRY  

- during resection of high-grade gliomas (HGG): 
Cancer Dissemination, Hydrocephalus, and Survival After Cerebral Ventricular Entry During 

High-Grade Glioma Surgery: A Meta-Analysis Akshitkumar M 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 

¶ higher odds of leptomeningeal dissemination (sOR: 3.91 [95% confidence interval (CI): 1.89-

8.10]; P = .0002; 86/410 vs 57/847 patients in 9 studies) 

¶ higher odds of hydrocephalus (sOR: 7.78 [95% CI: 3.77-16.05]; P < .00001; 58/431 vs 11/565 

patients in 11 studies). 

¶ decreased survival (median survival: 16.8 vs 19.1 mo; 413 vs 322 patients in 10 studies; hazard 

ratio: 1.25 [95% CI: 1.05-1.48], P = .01). 

 

Cover opening into ventricle! 

 

 

Intraoperative US 

¶ IOUS shows cortical anatomy and provides spatial orientation while outlining tumors that are 

hyperechoic and/or cystic relative to surrounding parenchyma. 

¶ characteristics of tumor tissue are variable, and blood products and surrounding vasogenic edema 

can generate false positive hyperechoic signals. 

¶ new cranial US 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)  

¶ be aware of thin rim enhancement along the surface of the resection cavity artifact caused by 

surgeonôs mechanical disruption to BBB - may be difficult to distinguish from tumor-specific 

enhancement (esp. when a low-resolution 0.15 T magnet is used). 

¶ gadolinium subarachnoid accumulation (esp. due to bleeding in hypervascular tumors or 

resumed resection after IV gadolinium) maybe neurotoxic ï seizures, altered mental status 

(ñgadolinium encephalopathyò) Ÿ longer ICU stay, potential delays in adjuvant therapy (and 

poorer overall survival). 
Monika Lauer et al. Neurotoxicity of subarachnoid Gd-based contrast agent accumulation: a 

potential complication of intraoperative MRI? Neurosurg Focus 50 (1):E12, 2021 

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

ð neurotoxic effects of gadolinium are not completely understood (toxicity of Gd is 

associated with similarity between Gd and Ca ions: Gd3+ can compete with Ca2+ 

and act as an inorganic blocker of voltage-gated Ca channels). 

ð prophylaxis: avoid overdose (sometimes intentional ï to increase visibility of some 

tumors), space IV gadolinium > 24 hrs apart (esp. in impaired renal function). 

 
Postoperative high-field MR images obtained in a patient after intraoperative MRIïguided neurosurgery of a 

glioblastoma in the right parietal lobe. Excessive intraoperative bleeding was reported in this patient. CSF signal 

appears normal in T2-weighted images (A), whereas FLAIR and T1-weighted images (B and C, respectively) 

revealed hyperintense signal changes of CSF due to the T1 shortening effect of GBCA. In T2* images (D) only 

a few sulci in the left parietal lobe show a signal loss as a sign of subarachnoid hemorrhage; however, extensive 

signal alterations corresponding to FLAIR and T1-weighted images can be excluded. Accordingly, CT images 

(E) display only a few hyperdense sulci as a correlate of subarachnoid blood. Excessive intraoperative bleeding 

explains the subarachnoid blood in distant contralateral sulci: 

 
 

 

 

FLUORESCENCE-GUIDED RESECTION (S. CHEMONAVIGATION)  

A must for high-grade glioma surgery! (expert 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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FLUORESCEIN SODIUM  

ï 3-20 mg/kg IV at dural opening (i.e. does not delay surgery vs. 5-ALA) ; 560 nm microscope filter. 

¶ $5 per vial. 

¶ contraindication ï serum creatinine > 2 mg/dL. 

¶ labeling mechanism is based on BBB leakage (during surgery BBB gets damaged anyways ï false 

positive labeling). 

 

 

5-AMINOLEVULINIC ACID (5-ALA)  

Fluorescence rates 

100% high-grade glioma 

20% of low-grade gliomas - even if MRI-nonenhancing!!!!  

77-94% of meningiomas (grade I-III)  

80% of ependymomas 

43% of PNETs 

40% of gangliogliomas 

25% of medulloblastomas 

15% of pilocytic astrocytomas 

 

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

¶ June 6, 2017 - FDA has approved GleolanÊ [aminolevulinic acid hydrochloride (ALA HCl)] as an 

optical imaging agent indicated in patients with gliomas (suspected World Health Organization 

Grades III or IV on preoperative imaging) as an adjunct for the visualization of malignant tissue 

during surgery; both ï new and recurrent. 

¶ commercially in US became available in October 2018. 

¶ vial price - $2500. 

 

Indications 

1. Surgery guidance for high-grade glioma (in the future may be also used as an agent for 

photodynamic therapy for remaining glioma cells) 

2. High-grade glioma / lymphoma / germ cell tumor biopsy verification ï if biopsy material 

fluoresces, no need to wait for frozen pathology confirmation (may take up to 30-45 minutes) 

 

¶ value of 5-ALA for tumors located close to eloquent cortex is of questionable benefit, as functional 

mapping will more reliably indicate surgical margin. 

 

 

Mechanism of action 

¶ 5-ALA is metabolized to protoporphyrin IX , endogenous fluorescent bioproduct, as part of heme 

biosynthesis pathway. 

¶ in malignant glioma cells, but not in healthy brain cells, exposure to 5-ALA results in tumor-

specific accumulation of protoporphyrin IX as a result of alterations in enzymes and cell 

transporters involved in heme biosynthesis - useful for the intraoperative discrimination of tumor 

and normal tissue (as well as 5-ALA ïbased photodynamic therapy). 
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Very high PPV, sensitivity and specificity! 

 

 
 

 
 

 

Practical 

¶ indication: high-grade gliomas (suspected WHO grades 3-4 on preoperative imaging). 

¶ contraindication: porphyrias. 

¶ 20 mg/kg (1 vial, 2500-2700$ = 1500 mg; patient > 75 kg needs two vials) is taken PO 3 hours 

(range 2 to 4 hours) prior to induction of anesthesia. 

N.B. there is no data on redosing! 

Must be reconstituted 1500 mg/50 mL of water per vial 

¶ 5-ALA leads to accumulation of fluorescent porphyrins (protoporphyrin IX) in tumor tissue. 

¶ max fluorescence time is 5-8 hours, thus, experts recommend administer 6 hours before resection. 

¶ false positive ï within tumor vicinity, metastases, inflammation, radiation necrosis. 

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

¶ false negative: 

ð surgery too early after administration. 

ð necrotic tissue will not fluoresce. 

ð intensity of fluorescence will diminish as 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 adequately visualize tumor fluorescence - fluorescence energy declines by 

the 4th power of the focal distance. 

Microscope focal point ï no more than 30 cm! 

ð fluorescence intensity will diminish with time of light excitation due to photobleaching 

/ fluorescence decay upon exposure to light (starts at 20 mins of exposure). 

¶ experts recommend completing conventional resection under normal light, then turn eyes away (let 

brain ñrestò from image) and turn blue light on. 

¶ target region is exposed to blue laser light with 405 (375-440) nm peak wavelength (with hand-

held device or microscope): 

ï there is a phantom available to test microscope (blue light source must be replaced 

every 250 hours). 

ï tumor tissue glows red (620-710 nm). operative video >> 

https://vimeo.com/274910978
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ï surrounding infiltrated tissue glows orange. 

ï tissue lacking sufficient PpIX concentrations appears blue. 

 

 
 

 

Pharmacokinetics (PK), Pharmacodynamics (PD) 

¶ drink room temperature. 

¶ vial wrapped in yellow bag. 

¶ mean absolute bioavailability - 100%. 

¶ maximum ALA plasma concentration - within a median of 0.8 hour. 

¶ T½ - 1 hour.  

¶ Tmax for PpIX - 4 hours. 

¶ T½ of PpIX - 3.6 hours. 

¶ the fraction of administered ALA that is metabolized to PpIX is unknown. 

¶ the effect of renal or hepatic impairment is unknown. 

 

Adverse reactions (> 1% of patients in the week following surgery): pyrexia, hypotension, nausea, and 

vomiting.  N.B. essentially nontoxic! 

1. Photosensitivity 

ð reduce exposure to sunlight or room lights for 48 hours postoperatively (place 

wristband on the patient indicating the time when this 48-hr period will end). 

ð do not administer photosensitizing agent for 24 hours pre and 24 hours postoperatively 

- phototoxic skin reaction (severe sunburn) may result: St. Johnôs wort, griseofulvin, 

thiazide diuretics, sulfonylureas, phenothiazines, sulphonamides, quinolones, and 

tetracyclines. 

ð dim and / or turn OR lights away from the patient until fully draped. 

2. One patient experienced respiratory failure due to drug overdose. 

3. No liver failure cases reported (but LFTs may become elevated up to 10-fold in 11-15% of patients 

in a first week, and return to normal at 6 weeks). 

 

Studies 

55--AALL AA  ff lluuoorr eesscceennccee--aassssiisstteedd  ssuurr ggeerr yy  vvss..  ccoonnvveenntt iioonnaall   ssuurr ggeerr yy  
Stummer W et al; ALA-Glioma Study Group. Fluorescence-guided surgery with 5-

alaminovulinic acid for resection of malignant glioma: a randomised controlled multicentre 

phase III trial. Lancet Oncol 2006 ; 7 : 392 ï 401 

¶ class I evidence. 

 
 

GGaaddooll iinniiuumm  iiss  bbeetttteerr   tthhaann  55--AALL AA  

¶ ALA fluorescence is a good marker of tumor presence but is not a good indicator for the absence 

of tumor when no fluorescence is present (negative predictive value only 37%) 
Hauser, Sonja B. ñCombining 5-Aminolevulinic Acid Fluorescence and Intraoperative Magnetic 

Resonance Imaging in Glioblastoma Surgery: A Histology-Based Evaluationò Neurosurgery: 

April 2016 - Volume 78 - Issue 4 - p 475ï483 

ð in 11 of 12 operations, residual contrast enhancement on iMRI was 

found after complete resection of 5-ALA fluorescent tissue. 

ð not all glioblastoma tissue exhibits 5-ALA fluorescence and not all areas 

of iMRI contrast enhancement represent tumor. iMRI 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%. 

 

55--AALL AA  iiss  bbeetttteerr   tthhaann  ggaaddooll iinniiuumm  

¶ it is well established that even MRI-nonenhancing low- and high-grade gliomas will show 

fluorescence in about 20% of cases. 

Fluorescence shows more than expected from gadolinium enhancement 

10-20% low-grade gliomas show visible 5-ALA accumulation! 
 

Aldave G, Tejada S, Pay E, et al. Prognostic value of residual fluorescent tissue in glioblastoma 

patients after gross total resection in 5-aminolevulinic acid-guided surgery. Neurosurgery. 

2013;72(6):915ï920. 

ð 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 al. 5-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):305ï312 

ð 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 5-aminolevolinic acid (5-ALA) is more sensitive than contrast MRI or amino acid positron 

emission tomography ((18)F-FET PET) in glioblastoma surgery. Neurol Res. 2012;34(3):314ï

317 

ð fluorescence extends even beyond the fluoro-ethyl-tyrosine-PET zone of 
hypermetabolism. 

 

VS. IMRI  

5-ALA and iMRI work synergistically! 
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¶ fluorescence gives 2-D real-time surface information and may sometimes be hidden behind 

overhanging edges or obscured by blood, can be used to wisely augment the capabilities of more 

complex and non-real-time iMRI, which gives 3-D information, to safely optimize resections. 

 

 

CLOSURE 

¶ tumor cavity is then examined for bleeding points, and meticulous hemostasis (sometimes difficult 

but must be perfect) is secured prior to closure. 

N.B. most common cause of postoperative hematoma is residual tumor ! 

ð persistent bleeding may be due to residual tumor, and it will require direct bipolar 

cauterization or topical gelatin foam, activated cellulose or microfibrillar collagen 

application for control. 

ð Dr. Graham lays Surgicel in tumor cavity (may give delayed postoperative MRI 

enhancement!!!)  

¶ if brain swelling is worrisome at time of closure (rare situation), ICP catheter is left in subdural 

space. 

¶ tumor cysts can be drained and, when possible, fenestrated into adjacent ventricle to prevent 

reaccumulation. 

¶ do not insist on a watertight dural closure for supratentorial craniotomies. 

¶ tack-up stitches are used to prevent epidural hematoma! 

¶ about CSF drainage Ÿ see p. Onc18 >> 

 

 

Allen 

The pia-arachnoid 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 matter 

and seeking plane between tumor and edematous brain. Some 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 low-grade gliomas 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 opposite 

entry site, cortical vessels must be individually occluded 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 lines 

of cleavage is continued until tumor is surrounded. 

Many infiltrating lesions have pseudocapsules that may be well-demarcated, but usually such lines of 

delineation fade out so that separation must continue along areas of infiltration. In other cases where 

infiltrating lesion is limited to lobe, standard lobectomy may be selected, dividing pia and pial vessels, 

and transecting lobar structures so as to include neoplasm. If cortex is reached opposite entry site, 

cortical vessels must be individually occluded and divided by sharp dissection. Ultrasonic aspiration 

may supplement suction and coagulation. 

Resection of infiltrating lesions requires debulking of massðusually by aspiration and often with 

ultrasonic aspiration. 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 vessels. 

When bulk of tumor has been removed, further search for additional tumor is carried out and such 

fragments are removed. The ultrasonic aspirator is helpful in this maneuver. 

 

 

 

POSTOPERATIVELY  

¶ extubation: 

a) if surgery entails significant manipulation of brain stem, patient should remain 

intubated for first postoperative night and be extubated carefully once lower cranial 

nerve function has been assessed; 

b) if brain stem involvement was minimal, patient may be extubated in operating room. 

 

DISPO 

¶ ICU for at least 1 night; increasing trend for selective ICU admission (ñICU, unlessò Ÿ ñno ICU, 

unlessò) - reduced complication rates and length of stay while keeping patients satisfied + hospital 

costs related to the admission have been significantly reduced. 
Mark ter Laan et al. Selective Intensive Care Unit Admission After Adult Supratentorial Tumor 

Craniotomy: Complications, Length of Stay, and Costs. Neurosurgery, nyz388, 

https://doi.org/10.1093/neuros/nyz388 Published: 20 September 2019 

¶ serum electrolyte levels and osmolality are measured often (also to detect possible onset of 

SIADH or diabetes insipidus, esp. after endoventricular manipulations). 

 

STEROIDS 

Continue DDEEXXAAMMEETTHHAASSOONNEE for at least 5 days (to minimize surgically induced brain edema); 

¶ if adequate surgical decompression is achieved, steroid can be discontinued within first 1-2 weeks. 

¶ speed of weaning depends on: 

1) postop new deficits 

2) amount of edema on postop FLAIR MRI 

¶ indications for steroid maintenance: 

1) large volume of tumor remains, large edema Ŷ check on postop MRI 

2) unexpected (likely from edema) new / worsening postoperative deficits 

3) tumor in brainstem or spinal cord 

4) steroid dependence 

¶ corticosteroids again may be needed during or after radiation therapy. 

 

AED 

Continue anticonvulsants for at least 7 days (few recommend - 1 year). 

¶ incidence of seizures after surgery for brain tumors is low (8% [95% CI 3%ï18%]) even without 

prophylactic AEDs, and incidence of clinically significant seizures is even lower (3%). 

¶ even for patients with preoperative seizures, postoperatively most seizures cease spontaneously 

(when patients are initially seizure free after surgery, seizure recurrence is associated with tumor 

progression). 

¶ 3 mechanisms by which a seizure may occur in setting of neurosurgery for tumors: 

1) intrinsic epileptogenic nature of the tumor, particularly in certain locations such as 

temporal and parietal lobes 

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

3) postsurgical complications (hydrocephalus, edema, or infection). 

¶ traditional AEDs are potent enzyme-inducing (PHENYTOIN, CARBAMAZEPINE, PHENOBARBITAL) or 

inhibiting (VALPROIC ACID) ï reduce / increase serum concentration of chemotherapeutics. 

¶ new generation of AEDs (GABAPENTIN, LEVETIRACETAM) are not metabolized by CYP isoenzymes. 

 

There are studies that do not support prophylactic AED use: 

 

Adam S. Wu ñA prospective randomized trial of perioperative seizure prophylaxis in patients with 

intraparenchymal brain tumorsò. J Neurosurg 118:873ï883, 2013 

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

¶ PHENYTOIN vs. placebo for 7 days postop. 

http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc18.%20Primitive%20Neuroectodermal%20Tumors.pdf#CSF_drainage
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¶ incidence of all seizures was 18% in observation group and 24% in prophylaxis group (p = 0.51). 

¶ incidence of early seizures (< 30 days after surgery) was 8% in observation group vs.10% in prophylaxis 

group (p = 1.0). 

¶ incidence of clinically significant early seizures was 3% in observation group and 2% in prophylaxis group 

(p = 0.62). 

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

 

Ricardo J. Komotar ñProphylactic antiepileptic drug therapy in patients undergoing supratentorial meningioma 

resection: a systematic analysis of efficacyò. J Neurosurg 115:483ï490, 2011 

¶ review of 698 patients 

¶ no significant differences in incidence of early or late seizures between AED and no-AED cohorts. 

conclusions - prophylactic administration of anticonvulsants during resection of supratentorial meningiomas 

provides no benefit in prevention of either early or late postoperative seizures. 

 

 

ANTIEMBOLIC MEASURES  

¶ compression boots, subQ heparin immediately postop Ÿ early passive exercises and 

mobilization!!! 

 

 

POSTOPERATIVE IMAGING  

¶ baseline contrast MRI within 48 hours - to evaluate resection success (later, prominent 

enhancement of neovascularized reactive gliosis develops - interferes with image interpretation); 

absence of abnormal enhancement indicates gross total resection. 

¶ look at DWI and ADC  - postcontrast MRI may show great tumor resection but if there is adjacent 

stroke it will start enhancing (as natural evolution) 3-4 weeks later and radiologist will call it as 

"tumor progression". 

¶ for tumors with propensity for leptomeningeal spread (MEDULLOBLASTOMAS, EPENDYMOMAS, 

CHOROID PLEXUS CARCINOMAS, certain PINEAL GERMINOMAS), test before further postoperative 

therapy: 

1) CSF cytologic examination at least 2 weeks after surgery (LP is safe å 10-21 days after 

intracranial decompression); 

ï some authors suggest obtaining CSF at time of surgery from cisterna 

magna for cytologic analysis. 

2) spinal MRI  yearly during first 24 months (CSF exam alone is inadequate ï may be false-

negative in up to 50% cases); routine spinal evaluations beyond this time may not be 

practical (local recurrences are far more likely). 

ï if MRI is contraindicated, CT myelography is utilized. 

N.B. baseline spinal MRI is best done prior to surgery (to avoid postoperative 

artifacts); first postoperative spinal MRI - at least 2 weeks after surgery (spinal canal 

enhancement can occur in early postoperative period); if equivocal Ÿ repeat after 1-2 

weeks (artifacts secondary to surgery regress while drop metastasis remain stable or 

increase). 

 

ROUTINE SURVEILLANCE (unwarranted in asymptomatic patients following complete resection of 

benign tumors): 

every 3-6 months during first 2 years; 

every 6-12 months for following 2-3 years 

every 3-5-years (for detection of late events such as radiation-induced meningiomas). 

¶ residual or recurrent contrast enhancement Ó 3 months after surgery suggests recurrence. 

N.B. true tumor progression cannot be confirmed on MRI prior to 3 months! 

¶ differentiation of residual tumor from scar (region of linear, rim enhancement) is improved by 

gadolinium. 

¶ tumor recurrence ï consider reoperation. see p. Onc3 >> 

 

 

COMPLICATIONS  

¶ operative MORBIDITY  depends largely on tumor location (highest ï 10-20% ï in diencephalic 

tumors). 

¶ operative MORTALITY  rates are < 1%; 30-day mortality rate after brain tumor surgery is 2.2-2.9% - 

postoperative hematoma is the most frequent cause of death. 
Teruyoshi Kageji et al. Postoperative Hematoma Requiring Recraniotomy in 1149 Consecutive 

Patients With Intracranial Tumors. Oper Neurosurg (Hagerstown) (2017) 13 (3): 392-397 

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

o among recraniotomy patients, 12.5% died within 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 to be held perioperatively ï see p. Op100 >> 

 

¶ metastases contain no neurons, are firm  and often sharply demarcated from surrounding normal 

brain - can be removed with minimal damage to functional nervous tissue. 

¶ pseudocapsule = gliosis in response to malignant tumor. 

¶ piecemeal vs. en bloc resection ï results the same. 

Aim for en bloc* (to minimize leptomeningeal spread), with 5 mm**  brain margin (peri-

pseudocapsule parenchyma) to reduce recurrence. 

*esp. for < 3 cm lesions; dissect pseudocapsule circumferentially to devascularize tumor; may 

shrink lesion pseudocapsule to ease dissection 

**although metastatic cells can be found up to 10 mm away 

 

CNS Systematic Review and Evidence-Based Guidelines for the Treatment of Adults With Metastatic 

Brain Tumors (2019) 

Level 3 recommendation: en bloc tumor resection, as opposed to piecemeal resection, is recommended 

to decrease the risk of postoperative leptomeningeal disease when resecting single brain metastases. 

Level 3 recommendation: gross total resection is recommended over subtotal resection in recursive 

partitioning analysis class I patients to improve overall survival and prolong time to recurrence. 

 

¶ cyst or hematoma should be evacuated to relieve tension - tumor manipulation without undue 

traction on parenchyma. 

¶ if any of vital vascular structures (i.e. MCA) is encased, subtotal removal is warranted! 

 

Highly vascular metastases: medullary thyroid cancer, renal cell carcinoma, melanoma 

 

Fluorescein demonstrates two metastatic lesions with well-demarcated 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 picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

Small corticotomy in a relatively avascular region: 

 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

Extracapsular dissection - use bipolar forceps to coagulate and disconnect tumor capsule; suction 

device dynamically mobilizes the surrounding brain: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

Fine blunt dissector used to work around avascular dissection planes, preserving capsule integrity to 

avoid bleeding (if  mass is inadvertently entered, expeditious disconnection of remaining capsule is a 

strategy to control bleeding): 

 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

SKULL BASE TUMORS  

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/endoscopic-skull-base-surgery-transclival-

transmaxillary-transodont 

 

 

ANTERIOR SKULL BASE  

See also p. Op300 >> 

 

 

http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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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CAVERNOUS SINUS AND MIDDLE FOSSA 

 

 

PINEAL REGION TUMORS  

http://www.neurosurgicalatlas.com/grand-rounds/resection-of-pineal-region-tumors-pearls-and-pitfalls 

 

Except for well-encapsulated teratomas, few pineal region tumors are amenable to complete resection! 

 

Open resection remains preferable to endoscopic approach. 

¶ pineal gland is essentially extra-axial structure - tumors of pineal gland are readily resectable - 

surgical plane can often be established between adjacent structures. 

 

 
 

 

APPROACHES 

 
 

Left image - supracerebellar infratentorial (a) and occipital transtentorial (b) trajectories. 

Right image - midline supracerebellar infratentorial approach (a); paramedian variants (b); occipital 

transtentorial route (c): 

 
 

Supratentorial approaches preferred for large tumors. 

Posterior approaches can reach up to foramen of Monroe (but need long instruments). 

 

¶ blood supply of these tumors is from branches of the medial and lateral posterior choroidal arteries 

 

A. Infratentorial -supracerebellar approach (the best approach in 80% of cases) see p Op300 >> 

 - direct midline approach for tumors below deep venous system. see MRV 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. 

 
¶ with posterior surface of tumor exposed, central portion is cauterized and opened Ÿ debulked 
(suction, cautery, tumor forceps, CUSA) Ÿ as tumor is decompressed, capsule can be separated 

from surrounding thalamus 

ð most of vessels along wall of capsule are choroidal vessels and need not be preserved.  

ð dissection continues until third ventricle is encountered (can reach up to foramen of Monroe 

with long instruments) 

ð then retracting tumor superiorly and dissecting it bluntly off brainstem under direct vision 

ð finally, tumor is removed superiorly after separating attachments along velum interpositum and 

deep venous system 

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

brainstem pial planes! 

Dr. Cohen-Gadol: If pial violation around the tectum is unavoidable during resection of 

an otherwise benign resectable tumor, I proceed with gross total tumor removal at the 

expense of minor injury to the tectum. This maneuver leads to Parinaudôs syndrome that 

resolves within a month. 

 

 

Tumor capsule is coagulated and generous pieces of specimen are sent for frozen pathology before 

aggressive gross total resection is attempted: 

 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

Following adequate tumor decompression, capsule is dissected - first 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 the third ventricle is apparent: 

http://www.neurosurgicalatlas.com/


 BRAIN TUMOR SURGERY Op340 (16) 

 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

The caution for preservation of deep veins cannot be overemphasized (leave pieces of tumor over 

veins)! 

 

 

B. Supratentorial approach - best for large tumors 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 system. see MRV above 

 

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

trajectory between falx and right parietal lobe, with partial resection of corpus callosum; 

excellent access to tumors that may have expanded into third ventricle; perform in sitting 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. 

 
 

 

 

From Youmans 

The transcallosal interhemispheric approach was first described by Dandy. This approach 

between falx and hemisphere of brain involves corridor along parieto-occipital junction. Dandy's 

early contributions recognized importance of deep venous system and cortical bridging veins 

between hemisphere and sinus. Any of previously described patient positions can be used for 

this approach, although prone or sitting position is generally preferred. Positioning of bone flap 

depends on where tumor is centered in third ventricle.[120,129,130] A wide craniotomy roughly 

8 cm in length provides flexibility in determining corridor and avoiding bridging veins 

whenever possible. The craniotomy is generally centered over vertex to avoid manipulation of 

occipital lobe. A U-shaped scalp flap extending across midline and reflected laterally provides 

adequate exposure. A bur hole is made over sagittal sinus, both anteriorly and posteriorly, and 

craniotome is used to turn generous craniotomy. The craniotomy should extend 1 to 2 cm to left 

of sagittal sinus. Bleeding from sagittal sinus can be controlled with hemostatic agents. The dura 

is opened in U-shaped fashion and reflected medially toward sagittal sinus. The bridging veins 

are inspected, and approach is chosen that will minimize number 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, even small opening provides wide angle of deep exposure. The exposed 

hemisphere is covered with Bicol or Telfa, and retractor system, such as Greenberg retractor, is 

used to frame opening and provide two retractors to draw parietal lobe back in gentle arc. A 

separate retractor can be used along falx, which may be divided inferiorly to provide further 

retraction. This is generally nonvascular corridor with few adhesions between falx and cingulate 

gyrus. The corpus callosum is easily identified with operating microscope by its striking white 

appearance. The pericallosal arteries are identified as paired structure running over corpus 

callosum. These arteries are retracted either to one side or with separate retractors to each side. 

The opening into corpus callosum, centered over maximal bulge of tumor, is generally about 2 

cm, which is not likely to lead to disconnection syndrome or cognitive impairment (see Fig. 

125-7A). Even more posterior openings in splenium have been performed routinely without 

deficits. The corpus callosum is generally thin and can be opened with gentle suction and 

cautery. The lateral extent of opening is determined by amount that is sufficient to expose tumor 

and avoid damage to pericallosal arteries. If necessary, tentorium and falx can be divided to 

provide additional exposure (Fig. 125-7B). Once through corpus callosum, dorsal surface of 

tumor can be seen, and veins of deep venous system must be identified early to prevent damage 

to them (Fig. 125-7C). The importance of deep venous system and degree 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. Once tumor is exposed, it is debulked and then dissected as described 

previously. Leaving ventricular drain in place for 1 or 2 days is optional. 

 

 

b) occipital-transtentorial approach (originally described by Horrax, later modified by Poppen) - 

requires retraction of occipital lobe and division of tentorium for adequate exposure; perform in 

three-quarter prone lateral position. 

 

http://www.neurosurgicalatlas.com/
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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. 

 
 

From Youmans 

The occipital transtentorial approach, originally described by Horrax and later modified by 

Poppen, is variation of supratentorial approaches (Fig. 125-8, Video 125-2).[35,131] A three-

quarter prone position is generally preferred. This approach to pineal region uses oblique 

trajectory for lesions that are essentially midline and may therefore be disorienting to surgeons 

who are not familiar with it. However, by dividing tentorium, 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, with medial vertical limb 

beginning just to left of midline at about level of torcular.[34,129] A bur hole is placed in 

midline over sagittal sinus just above torcular, along with another bur hole 6 to 10 cm above 

this. A craniotome is then used to turn generous craniotomy extending 1 to 2 cm left of midline. 

Alternatively, it is feasible to place bur holes adjacent to sagittal sinus without crossing midline. 

If this option is chosen, it is important to get as close as possible to sagittal sinus to avoid bony 

overhang that limits operative view. With three-quarter prone position, gravity helps with 

retraction of nondominant occipital lobe, which is also facilitated by lack of bridging veins near 

occipital pole. Mannitol and ventricular drainage are useful for relaxing brain and minimizing 

risk for hemianopia from excessive occipital lobe retraction. Under operating microscope, 

straight sinus is identified so that tentorium can be divided adjacent to it (Fig. 125-8A). A 

retractor can be placed over falx for exposure. The inferior sagittal sinus and falx can be divided 

to facilitate further falcine retraction. At this point, arachnoid overlying tumor and 

quadrigeminal cisterns can be seen (Fig. 125-8B). Tumor removal proceeds as described earlier 

while taking care to avoid injury to deep venous system. Closure and hemostasis proceed as 

described previously. 

 

 

c) transcortical transventricular approach 

From Youmans 

The transcortical transventricular approach was developed by Van Wagenen, who used 

trajectory through right lateral ventricle via transcortical incision.[13] This approach is rarely 

used because exposure is limited and need for cortical incision is undesirable. Obviously, entry 

point should be chosen in noneloquent cortex. Stereotactic guidance is often useful with this 

approach and may be desirable for tumor that extends into lateral ventricle. 

 

 

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

¶ in semiprone position. 

¶ advantage - wide exposure laterally, superiorly (to posterior 3rd ventricle), and inferiorly (to 

superior medullary velum), safe visualization of venous structures and minimal retraction of 

cerebellum and occipital lobe. 

¶ disadvantage - very extensive operation, including sacrifice of nondominant transverse 

sinus (only suitable for exceptional cases).  

 

 

PATIENT POSITIONS  

A. sitting slouch position (preferred for infratentorial-supracerebellar and transcallosal-

interhemispheric approaches) see p Op300 >> 

B. lateral decubitus position (for transcallosal approach) and avoids many of complications associated 

with sitting slouch position. 

¶ nondominant right hemisphere down 

¶ head is raised 30 degrees above horizontal in midsagittal plane, especially for transcallosal 

approach (for occipital transtentorial approach, head should be positioned with patient's 

nose rotated 30 degrees toward floor. 

¶ more desirable variation of this approach is three-quarter prone position (for occipital-

transtentorial approach) - extension of lateral position, except that head is at oblique 45-

degree angle with nondominant hemisphere dependen (requires placing axillary roll under 

patient's right axilla with right arm supported in sling-like fashion beneath patient): 

http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op300.%2520Craniotomies.pdf#SUPRACEREBELLAR_APPROACH
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¶ legs are flexed with pillow between them and elevated to facilitate venous return 

¶ patient is strapped down so that table can be rotated during procedure to improve exposure  

¶ supporting roll is placed under left thorax. 

 

C. prone position (for supratentorial approaches, esp. in pediatric population) - elevation of shoulders 

and head tilted to right - combined advantages of sitting slouch and three-quarter prone lateral 

positions; steep angle of tentorium, makes prone position impractical for infratentorial approach. 

 
 

 

 

 

D. Concorde position ï as prone position but head rotated 15 degrees away from craniotomy; more 

comfortable for surgeon and reduces risk of air embolism; desirable for preadolescent patients; 

more cumbersome in larger patients. 

 
 

 

1 - supracerebellar-infratentorial approach. 

2 - occipital-transtentorial approach. 

3 - parietal-interhemispheric approach. 

 
 

 

COMPLICATIONS  

Overall MORTALITY  of pineal region surgery is 0-8% and MORBIDITY  0-12% (vs. 90% mortality in 

early part of 20th century). 

 

Most common complications - extraocular movement dysfunction (particularly limited upgaze and 

convergence)*, ataxia*, altered mental status (up to akinetic mutism from overzealous brainstem 

manipulation) 

*may be present preoperatively and become transiently worse 

postoperatively before significantly improving or resolving completely 

within first few days (but can persist for several months). 

 

Most devastating complications: 

1) pineal apoplexy (bleeding into vascular-rich subtotally resected tumor bed); may be 

delayed for several days; large hemorrhage may require immediate evacuation. 

2) venous infarction (with or without hemorrhage) - from brain retraction or from sacrifice of 

bridging veins. 

 

¶ parietal lobe retraction can cause sensory or stereognostic deficits on opposite side. 

¶ occipital lobe retraction during transtentorial approach can cause visual field defects. 

¶ disconnection syndromes with corpus callosum incisions. 

¶ complications related to sitting position: air embolism, subdural hematoma, hygroma, ventricular 

collapse. 

 

 

POSTOPERATIVE LY  

see p. Onc28 >> 

 

 

POSTERIOR FOSSA TUMORS 

PRINCIPLES  

Preop 

¶ place EVD in OR prior to craniotomy (esp. if patient has hydrocephalus) - frontally prior to 

positioning or occipitally once the patient has been positioned (or at least prep for occipital Frazer 

bur hole). 

¶ preop panspine MRI (looking for drop mts, esp. if suspect tumors that seed via CSF) ï patient may 

need sedation (thus, may need EVD). 

¶ discuss possibility of postop trach, PEG. 

 

Intraop 

For hemispheric lesions - linear (vs. J) incisions heal most effectively: 

http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc28.%20Pineal%20Region%20Tumors.pdf#SURGERY
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Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

Always open and drain CSF from cisterna magna!!!! 

 

Use navigation - guides extent of a limited craniotomy: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

Incise dura in stellate fashion: 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 
 

 

 

Postop 

¶ avoid hypertension immediately postop ï risk of bleeding into posterior fossa! 

¶ if surgery entails significant manipulation of brain stem, patient should remain intubated for first 

postoperative night and be extubated carefully once lower cranial nerve function has been assessed 

by ENT, speech. 

 

 

 

CEREBELLOPONTINE ANGLE  

Vestibular schwannoma Ÿ p. Onc62 >> 

 

Preop audiogram! 

5500//5500  rr uullee (> 50 dB pure tone audiogram / < 50% speech discrimination = nonserviceable hearing). 

 

 

 

4TH VENTRICLE , DORSAL BRAINSTEM  

Manipulation of the floor is associated with a high risk of diplopia, facial weakness, swallowing and 

ventilatory dysfunction (Ÿgastrostomy and tracheostomy): 

http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc62.%20Schwannomas%20of%20Cranial%20Nerves.pdf
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Invasion of the ventricular floor by the tumor - plan a subtotal radical resection (avoid any temptation 

during surgery to manipulate the tumor that invades the floor) 

 

PICAs may be encased by the tumor (es. if having a repeat operation) - plan a subtotal resection to 

protect these vital vessels. 

 

Lesions within brainstem parenchyma Ÿ placement of defibrillator pads  before surgery! 

 

Intense nausea is not uncommon following surgery near the floor of the fourth ventricle (standing 

order for antiemetics) 

 

Two main approaches to the fourth ventricle (after standard midline suboccipital craniotomy as for 

Chiari) 

 

A. Transvermian approach - splitting inferior 1/3 of vermis in midline, two halves are retracted to 

opposite sides. 

ð indication: large midline lesions that occupy the rostral 4th ventricle and do not extend into 

the lateral recesses. 

ð split the vermis to the smallest extent possible (usually up to the fastigium, but not into the 

superior medullary velum - superior exposure is limited) 

ð nodule, tela choroidea and inferior medullary velum also need to be incised to access 4th 

ventricle 

ð risk of caudal vermian split syndrome (truncal ataxia, dysequilibrium, oscillation of head 

and trunk, nystagmus), cerebellar mutism (esp. pediatric patients); injury to dentate nucleus 

(more severe dysequilibrium) 

 

 
 

 

B. Telovelar approach (preferred!!!) - exposes 4th ventricle through the cerebello-medullary fissure 

(between tonsil and brainstem) without incising the vermis or cerebellar hemisphere 

ð uses natural planes - no functioning nerve tissue is harmed - reduced risk of cerebellar 

mutism 

ð tonsils have been retracted superolaterally to expose tela choroidea, inferior medullary 

velum, and both lateral recesses: 

 
 

ð indication: lesions within the foramen of Luschka 

o rostral intraventricular exposure can be achieved by inferior-to-superior working 

angles through a C1 laminectomy ï i.e. generous ventricular exposure from obex to 

aqueduct.  

ð floor of 4th ventricle is protected by sliding a cottonoid up along the floor 

ð 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 of 

the 4th ventricle (TVA can be done bilaterally to circumvent this limitation). 

 

Technique 

ð patient is in modified park-bench position with head flexed and turned toward floor: 

o linear incision. 

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

o patientôs shoulder is mobilized inferiorly and anteriorly - increases the surgeonôs 

working space within the suboccipital area. 

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

o position allows surgeon to sit during microsurgery. 
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Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

ð burr holes are placed on either side of the midline keel; posterior 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 bleeding; C1 laminae (*) are not removed in this case. 

 

 
 

Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

ð dura is incised in a curvilinear fashion and tacked up superiorly 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

ð uvulotonsillar and medullotonsillar spaces are dissected open: dissection plane between the 

medial edge of the tonsil and the adjacent edge of the uvula is developed Ÿ tonsil is 

retracted superolaterally and uvula is retracted superomedially to expose the tela choroidea 

and inferior medullary velum (dynamic retraction is used to expand uvulotonsillar space): 

o microscissors are used to prevent blunt dissection and protect the PICA branches.  

http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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o minor transection of vermis (red hashed line) may be occasionally necessary if 

dissection planes along cerebellomedullary fissure and uvulotonsillar spaces are 

adherent 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 
 

ð tela choroidea and inferior medullary velum are coagulated and divided (black hashed line) to 

access the fourth ventricular floor and lateral recesses:

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

ð retractors are often necessary to immobilize vermis medially (arrow); generous exposure of the 

floor of the fourth ventricle (*) is possible (floor is lightly discolored in this case due to the 

presence of an underlying large cavernous malformation): 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

ð microsurgical resection of the underlying pathology (cavernous malformation or 

intraventricular tumor) can begin (using mapping strategies): 

http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
http://www.neurosurgicalatlas.com/
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Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

 

CEREBELLAR TUMORS  

¶ navigation is not necessary but useful! 

¶ prone on chest rolls or white Wilson frame; head in Mayfield frame. 

¶ open cisterna magna (by opening arachnoid) ï will drop cerebellum by gravity. 

¶ mark floor of 4th  ventricle ï by advancing Telfa / patty / cut finger of glove into 4th ventricle 

from below (start between cerebellar tonsils) ï or will fail Oral Boards! 

 

 

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

 

 
 

 

A. Superior hemispheric lesions - via the supracerebellar cistern and by incising the cerebellum 

at the closest point to the tumor - requires a high suboccipital craniotomy with exposure of the 

transverse sinus. 

B. Inferior cerebellar tumors  require opening of the foramen magnum. 

C. Midline tumors  can be resected after splitting the inferior vermis. 

D. Lateral hemispheric lesions - directly from a posterior trajectory; entering the paracerebellar 

cisterns is generally not necessary, thus avoiding exposure of the cranial nerves; split 

hemispheric pia horizontally (parallel to widened folia): 

http://www.neurosurgicalatlas.com/
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¶ postoperative deficits: 

1. Cranial nerve deficits 

2. CEREBELLAR MUTISM  (anatomic origin - deep cerebellar nuclei) - one of 

most commonly cited complications. 

 

 

HEMANGIOBLASTOMA  

A. Cerebellar lesions - via suboccipital craniectomy; 

Hydrocephalus Ÿ external ventricular drain prior to tumor resection! (hydrocephalus resolves 

in > 90% patients postop) 

 

B. Spinal lesions - via laminectomy: 

no syrinx ï remove upper ones (tumors); 

syrinx present ï remove largest one (tumor) ï syrinx resolves in 1-3 months (if not ï means 

residual tumor) 

 

¶ target - mural nodule (otherwise, cyst will recur); no need to resect capsule if it is nonenhancing 

on MRI. 

ð cyst wall is not removed unless there is evidence of tumor within the cyst wall on MRI 

(typically thick-walled cysts) or visually at the time of surgery (5-ALA f luorescence may 

aid in visual localization of small hemangioblastomas within the cyst wall). 

¶ surgical principles similar to those used in treating AVMs: 

ð pre-operative embolization may help reduce the vascularity. 

ð identify feeding vessels Ÿ coagulate and cut (arterial feeders prior to draining veins!) 

ð do not remove in piecemeal fashion - significant bleeding may ensue! 

¶ coagulate tumor surface (to shrink the tumor) with wide bipolar forceps (avoid penetration of 

tumor itself due to its extreme vascularity and difficulties with hemostasis). 

¶ dissect tumor circumferentially by careful devascularizing blood supply (coagulation and cutting 

small feeding vessels), releasing adhesions between tumor and surrounding tissue by putting 

cottonoid strips into developing plane to avoid direct pressure on brain or spinal cord tissue. 

ð HGBs with attachment to floor of 4th ventricle may be hazardous to remove (cardio-

respiratory complications). 

¶ gently pack resection cavity with wet cotton balls Ÿ blood oozing stops after few minutes. 

¶ need for permanent shunt is determined by response to EVD clamping. 

 

N.B. all patients must be screened for PHEOCHROMOCYTOMAS preop (may cause perioperative 

hypertensive crisis induced by anesthetic or analgesic agents) - 24-hour urine free cortisol or plasma 

concentrations of metanephrine and normetanephrine Ÿ CT; if evaluation reveals pheochromocytoma 

Ÿ resect pheo first (if resection is prohibitive, preoperative Ŭ-blockade with ɓ-blockade begun only 

after Ŭ-blockade to avoid unopposed Ŭ-activity) 
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THIRD VENTRICLE  

A. Transcortical approach 

 

B. Transcallosal (interhemispheric) approach 

 

A. Transforaminal approach 

B. Transchoroidal approach 

C. Interforniceal  approach 

D. Translamina terminalis approach (subfrontal or endoscopic transnasal) 

 

Dr. Cohen-Gadol approaches: 

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 

*in relation to internal cerebral veins 

 

 

A. Transcortical approach ï facilitated by ventriculomegaly 

a. Transforaminal  approach 

b. Transchoroidal approach - entering either above or below choroid plexus, through velum 

interpositum (roof for third ventricle): 

a) subchoroidal approach ï avoid (may be necessary to cauterize thalamostriate 

vein). 

b) suprachoroidal approach (correct route on board exam) ï via taenia fornicis - 

incision is made above and medial to choroid plexus Ÿ choroid is deflected 

inferiorly and choroidal fissure (between thalamus and fornix) is entered - approach 

requires less manipulation of superficial thalamic and caudate veins - safer. 

 

B. Transcallosal (interhemispheric) Interforniceal  or Transforaminal  approach ï equally 

effective in reaching foramen of Monro with large or small ventricles 
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Source of pictures: R. Jandial ñCore Techniques in Operative Neurosurgery: Expert Consult - Online and Printò, 1st ed (2011), Saunders; 

ISBN-13: 978-1437709070 >> 

 

 
Source of picture: Neurosurgical atlas by Aaron Cohen-Gadol >> 

 

¶ genu of the internal capsule approaches ventricular surface and directly touches wall of lateral 

ventricle immediately lateral to foramen of Monro. 

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

 

 

ENDOSCOPIC TRANSVENTRICULAR APPROACH 

Pending 

Jandial, procedure 47 

 

 

TRANSFORAMINAL  APPROACH 

¶ lesions in anterior third ventricle are often easily accessible through foramen of Monro (sometimes 

expand and protrude through foramen), esp. soft or cystic tumors 

 
Source of picture: R. Jandial ñCore Techniques in Operative Neurosurgery: Expert Consult - Online and Printò, 1st ed (2011), Saunders; 

ISBN-13: 978-1437709070 >> 

 

 

¶ lesions with significant mass effect sometimes already have caused dilation of the foramen, 

facilitating the surgical approach; foraminal patency can be assessed with the use of forceps or 

with probing with a Silastic shunt tube. 

N.B. dilating the foramen can lead to postoperative memory deficits due to fornix injury! Also 

lateral side of foramen of Monroe is made of genu of internal capsule! 

¶ 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





















































































