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Disclosures

• Advisory board for Medexus (Gleolan / 5-ALA)



High Grade Gliomas

• Includes WHO 3 and 4 lesions

• Most common primary brain tumours
(glioblastoma = 65%)

• Can arise de novo or progress as a 
transformation from lower grade lesions

• Survival is poor (Grade 3 – 2-3 years, Grade 4 –
1-2 years)







Low Grade Gliomas

• Includes predominantly WHO Grade 2 lesions

• Diffuse astrocytoma, oligodendroglioma

• Survival is better (can range 8-10 years, but 
also some long-term survivors)



Low Grade Gliomas



Gliomas

• Maximal safe resection

• Biopsy

• Radiation

• Chemotherapy



Extent of Resection



Extent of Resection

Glioblastoma = 78%



Extent of Resection

• Attempt maximal safe resection at time of diagnosis

• > 90% 5yr Odds of Survival 91-97%

• < 90% 5yr Odds of Survival 60-76%

• Decrease mortality, increase progression-free 
survival

• Gross Total > Subtotal > biopsy

• GTR improved survival in all LGGs/HGGs 
irrespective of molecular markers



Optimizing Glioma Surgery

• Awake Craniotomy

• Gleolan (5-ALA)
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• Awake Craniotomy

• Gleolan (5-ALA)



History

• Animal studies since ~1700s

• 1874 first case of brain stimulation

• 1937 Penfield and Boldrey

• 1970 Ojemann and Berger



History

• 1874 – first recorded case of electrical 
stimulation in a human brain

• Tumour causing skull erosion
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• 1874



History

• 1874 – first recorded case of electrical 
stimulation in a human brain

• Tumour causing skull erosion

• Ethical concerns – invasive, no therapeutic benefit



History

• 1937 – Penfield and Boldrey

• Formal description of craniotomy + electrical 
stimulation

• Mapping of epileptogenic foci

• Induction of auras, motor effects



Why?



History

• 1970s – Ojemann and Berger

• Stimulation to identify and avoid damage to 
functional brain



Why?

• Maximize extent of resection

• Minimize morbidity



Why?

• Maximize extent of resection

• Increase survival

• Minimize morbidity

• Worse survival, worse quality of life



Patient Selection is PARAMOUNT



Patient Selection

• Surgeon Specific?

• ALL tumors in or near eloquent areas?

• Tumors in or near speech area – most 
institutions?



Patient Selection

• Fully assess:

• Comorbidities

• Neuro deficits

• Seizure frequency

• Body habitus

• Anxiety



Question:

Can we do the awake craniotomy safely in this 
patient?



Patient Selection

• Pre-op imaging insufficient to exclude function

• Spatial resolution not good enough



Tractography



fMRI



Patient Selection

• Pre-op imaging insufficient to exclude function

• Spatial resolution not good enough

• “Involved” vs essential language sites

• Brain shift



Contraindications?



Contraindication Solution

Significant Mass Effect
Staged operation (debulking asleep, awake 

for functional areas)

Obese patient Mask airway before and after mapping

Psychiatric history / disorders No longer a contraindication

Age < 10 Staged procedure with implanted grid

Seizures Iced RL, propofol loaded in IV

Smoker Cough suppressants with light sedation

GERD Increase meds / add second PPI

Intraoperative nausea Premedicate and add dexamethasone



Contraindications

• 60M

• First presentation of a GTC seizure

• Personality changes for past few months

• PMHx: unremarkable

• Twitching R arm on exam



Workflow

• Pre-op

• Surgery

• Post-op



Pre-Operative

• Surgeon meets with patient for consultation

• SLP meets with patient for consultation

• Neuro-Anesthesia meets with patient



Question:

Can we do the awake craniotomy safely in this 
patient?



Anesthesia and Positioning

• “asleep-awake-asleep” approach

• Propofol + remifentanil +/- precedex

• Scalp block optional in pre-op



Surgery

• 0700 – 0730 meet patient + answer questions

• 0730 – 0900 patient in room, anesthesia, 
surgery exposure

• 0900 – 0930 SLP paged with “30 minute 
warning”

• 0930 – 0945 language mapping

• 0945 – end surgical resection, closure







• 60M

• First presentation of a GTC seizure

• Personality changes for past few months

• PMHx: unremarkable

• Twitching R arm on exam





Stimulation Technique

• “Ojemann” probe applies 
electrical current

• 2 milliAmps, 500 milliVolts

• Stop when get response or 
after-discharge potentials

• Seizures



Surgical Technique

• Put patient back to sleep

• Can wake patient up at any stage for 
additional mapping

• Resect until normal tissue is encountered or 
positive mapping response



Post-Operative

• Post-op days 1-3

• Assessment, evaluation for language deficits

• ? need for rehab

• ? long term follow-up



Outcomes

• Gold standard for preserving function

• Awake craniotomies are safe and increase extent 
of resection

• Average tumor resection = 90%, 50% “gross total 
resection

• Complication rates 3-47%

• Persistent language deficits (> 6 months) range 
2.3-25%



Abandoning Operation

• Anxiety

• Brain swelling

• Technical difficulties

• Hemorrhage

• Coughing

• Seizure



Alternative Options

• No monitoring at all

• Asleep monitoring

• Phase reversal

• Direct cortical/subcortical stimulation



Optimizing Glioma Surgery

• Awake Craniotomy

• Gleolan (5-ALA)









Problem

• Intrinsic / glioma brain tumours are difficult to 
distinguish from normal brain tissue

• Look

• Feel

• Consistency

• Vascularity



Intraoperative Fluorescence

• 5-ALA (aminolevulinic acid) or “Gleolan”

• Approved in Canada for patients with WHO 
Grade 3/4 glioma 

• Adjunct for visualization of malignant tissue 
during surgery





• 45 studies with 4599 patients

• Compared Gleolan (5-ALA) versus normal 
white light

• Increased survival by ~25%



GLEOLAN

• Prodrug, taken up by cells and metabolized to 
protoporphyrin-9 (PPIX)

• PPIX fluoresces at 400-440nm

• Glioma cancers cells take up more of PPIX 
compared to normal brain cells



GLEOLAN

• Result: tumour tissue becomes easier to 
distinguish

• Increase amount of tumour removed

• Increase safety

• Improve outcomes





Pre/Post op MRI



VGH Experience

• 20 Gleolan cases total

• 100% patients achieved gross total resection

• No complications/prolonged stays

• Approval for 5-10 cases per year

• Case-by-case basis

• Roughly 50-100 glioma operations annually



Future Steps

• Additional equipment





Future Steps

• Additional equipment

• Work on approval for more cases

• Train more surgeons

• Vancouver General Hospital

• Lion’s Gate Hospital

• Royal Columbian Hospital

• Victoria General Hospital

• Kelowna General Hospital

• Kamloops General Hospital
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