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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

J Neurosurg 110:156-162, 2009

Independent association of extent of resection with survival
in patients with malignant brain astrocytoma

Clinical article

MATTHEW J. McGIrRT, M.D., KAISORN L. CHAICHANA, B.S., MURAYA GATHINJI, ML.S.,
FRrRANK J. ATTENELLO, M.S., KHOI THAN, M.D., ALESSANDRO OLIVI, ML.D.,
JoN D. WEINGART, M.D., HENRY BREM, M.D., AND ALFREDO QUINONES-HINOJOSA, M.D.

> J Neurosurg. 2011 Jul;115(1):3-8. doi: 10.3171/2011.2.jns10998. Epub 2011 Mar 18.

An extent of resection threshold for newly diagnosed
glioblastomas

Nader Sanai !, Mei-Yin Polley, Michael W McDermott, Andrew T Parsa, Mitchel S Berger




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

’ GT R i m p rove d S u rViva | i n a | | LG G S/ H G G S R’;Ascc’)cn:::cllgno;th;;Extentof Resection
irrespective of molecular markers With Survivalin Glioblastomz

A Systematic Review and Meta-analysis

Raymond Sawaya, MD: Michael Glantz, MD
McGirt MJ, Chaichana KL, Attenello FJ, weingart JU, 1han K, Burg-
er PC, et al. Extent of surgical resection is independently associated
with survival in patients with hemispheric infiltrating low-grade gli-
rosuroerv 2008:63:-700-708



Optimizing Glioma Surgery

. Awake Craniotomy

. Gleolan (5-ALA)



Optimizing Glioma Surgery

. Awake Craniotomy

. Gleolan (5-ALA)



History

. Animal studies since ~1700s

. 1874 first case of brain stimulation

. 1937 Pentfield and Boldrey

. 1970 Ojemann and Berger



History

. 1874 - first recorded case of electrical

stimulation in @ human brain

+ Tumour causing skull erosion



THE
AMERICAN JOURNAL
OF THE MEDICAL SCIENCES

FOR APRIL 1874,

ART. L—Erperimental Investivaiions tato the Funetions of the JHuman
firain, By RoBerts Bantnovow, M.I., Professor of Materin Medica
nnd Therapenties wnd of Clinien] Medicine in the Medieal Cullere of
Ohiv ; 1"hysician to the Good Samaritan 1lospital, ete.  (With o wood-
ent.)

Tk resenrches recently mmde in animals on the funetions of the braiy,
although of great importanee, need to be complemented by siniilar investi-
gativng, or by eorresponiling pathologicsl aherations, in the humuu hmin,
Notwithstunding the general similarity in the conformation of the brnin of
man nud that of the highest nnimnls of the order—0rimates, special dif-
ferenees of grent importance are very apparent.  The same remark is true
of the Orung nud of animals m the seale below him. The hmin of pm
hiffers «till more remarknbly from that of the inferior animalg, ia the extent
amd variety of its funetional manifestations, It is obvions that it is exceed-
mgly desirable to aseertain how far the results of experiment on the brain
of auimals moy be ewployed to elueidate thie fonetions of the human hruin,
Buefore procecling 1o narrate my own obsersations, it may be desirable to
make a preliminary sintement of the results thns far achieved by experi-
ments on nuiwnks,

Nusse nnd Rosenthul, but especially Leyden, had a few years ago
studied the effects of pressure and ngitation e¢n the functions of the braip
mwss.  (Leber Hirndruck und INrabewegnungen— irchow's  Archiv,
band 37.)  Leyden injeeted u solution of sodium chloriile between the
sknll widl dura mater. A more extended series of experimemal investiga.
tions wns subsequently umlertaken by De. F. Pagenstecher ( Experimente
tened Stalien dber Gebiradruck, Heidelberg, 187 1). I'agenstecher injected

No. CXXXIV.—ArmL 1874. 20

306 BarTaOLOW, Fooctions of the Hnman Brain, [Apri

& mixtore of white wax and tallow heated to 50° C. (p. 12) between thg
sknll and dnra mater of doge.

As regards the sensibility of the dnra mater, Leyden and Pagensteche
differ, the former holding that it has not, and the Istter that it has to s
slight extent (p. 45). Pagenstecher notes, as the resnlt of hisexperiments,
deraogemeot and loss of the psychical functions, stnpor, somoolence, sopor,
and coma; nlso, disorders of motility, convnlsions, paralysis, movements
of rotation; alterations of the pnpils, and deviations from the normal o
the pnlse, respiration, and Lampemtnre. : ' !

Similar to the above as regards reanlts, hnt more deﬁmw in aim, are the
experimeotal stodies of Nothoagel ( Virchow's Archiv. f, path. Anat, u,
f. klin. Medicin, 1878), aod of Foornie (Recherches Exper. sur la Func
tionnemeni du Cervesu, Paris, 1873). These experimentalists, having
msde a smnll opening in the craninm, inected into the snhstance of the
hrain, at varions points, corrosive snbstances (chromie acid and chleride of
zioe colonred with carmine). Aholition of a fonction conld be thns die-
tinctly sssocisted with the destroction of certain districts of cerchral
matter, Injections into the gray matter cansed alteratioo of the paychical
{fnnctions, and affected the movements of distioct gronps of muscles. In-

jory of the onter portion of the last frontal ennvnlutinn caused, according

to Nothoagel, loss of the mnscnlar sense in the opposite foreleg. De-
stroction of a portion of gray matter of the ooter Iateral portion of the
hemisphere was followed by paralysis of the opposite side of the body.
Injury of the white snhstance, also, eansed paralysis of the opposite side
of the body. When the injections were made into the corpns striatnm,
convulsions and paralysis on the opposite slde ensned. Injnry of the optic
thalamos paralyzed sensihility.

The most Important resnlta es regards localization of fnnctions, hove
been ohtained hy faradization of limited parts of the brain. The demon-
stratinng recently made in this way hy Fritsch and Hitzig (Archiv f
Annt. Phyeiol. u. Wiesenschaflliche Medicin, 3, 1870), and by Ferrier
(West Riding Lunatic Asylum Reports, vol. 3) are entirely opposed to
the well-known experiments of Magendie, Longet, Flonrens, Vulpian, and
others, which hed sppareotly shown the ioexcitahility of the cerehral
hemlspherea.

Fritsch and Hitzig employed in their researches the grlvanic corrent.
They confirmed by thelr investigations the opinion of Meynert that the
noterior lobes are tha chief ceotres of the motor foncticos. Electrie irrita-
tion of these lobes, il feehle, cansed contractions in limited gronps of mns-
cles on the opposite side; if strong, comhined sctioo of the muacles on the
opposite side.  Certaln convolntions were thns ascertained to have definite
fnnetions, with regard to the movements of the extrem]ties.

The method of experimentation pnrsned by Fritsch and Hitzig has since
beeo very soccessfully applied hy Ferrier, who hos used, however, ao indue-




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




SOMATIC MOTOR AND SENSORY REPRESENTATION IN
THE CEREBRAL CORTEX OF MAN AS STUDIED BY
ELECTRICAL STIMULATION:?

BY WILDER PENFIELD AND EDWIN BOLDREY (MONTREAL)

Toricarn Heanvinas Froune or REFERENCE
(1) Introduction
(2) Historical note
(3) Clinical material
(4) Method of analysis
(6) Tllustrative case ..
(6) Topographical analysis
(7) Movements of the tongue
(8) Sensation in the tongue =
(99 Movement and sensation in the mouth
(10) Jaw movement and sensation within the mouth
(11) Movemeont and sonsation of tho fnoe
(12) Swallowing and throat sensation .,
(13) Vocalization ve
(14) Hend sensation
(15) Movement of fingers
{16) Sensation in fingers os ot
(17) Movement of hand, arm and shoulder
(18) Sensation of hand, arm and shoulder
(19) Movement of trunk and legs
(20) Sensation in trunk
(21) Sensation in leg and fool .. .
(22) Adversive movements of head and eyes
(23) Sense of movement and desire to move
(24) Ipsilateral and bilateral movement
(25) Autonomic responscs o v
(26) Discussion of illustrative cases .. . e 21, 22, 28, 24
(27) Localization summary ., o oo e 25, 26, 27, 28
(28) Quality of cortical sensation : .o o -
(29) Cause of atypicsl responses
(80) Discussion

(1) INTRODUCTION.

RECENT experimental work on the localization of motor function in
the cerebral cortex has spurred us to make a complete analysis of the
records of our patients (163 in all) upon each of whom we have carried
out electrical exploration of the cortex under local anmsthesia.

' From the Montreal Neurological Institute and the Department of Neurology and
Neurosurgery of McGill University, Montreal. Read before the American Neurological
Association, Atlantic City, June 4, 1937,




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:
.+ Comorhbidities
+ 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







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 lced RL, propofol loaded in [V
Smoker Cough suppressants with light sedation
GERD Increase meds / add second PPl

Intraoperative nausea

Premedicate and add dexamethasone




Contraindications

Prior concerns

Current solutions

Significant mass effect (> 2-cm midline shift) despite
preoperative diuretics and steroid

Obese patient (BMI > 30 )/obstructive apnea

Psychiatric history/emotional instability
Age (years)
=10
< 10
Intraoperative seizures
Smoker
Gastroesophageal Reflux

Intraoperative nausea
Reop (dural scar) Severely impaired preoperative function®

Tumor location presumed to be w/in functional cortical or
subcortical pathways on preop imaging

Staged internal debulking (asleep) using functional imaging (MEG/MSI) followed
by reoperation w/ awake mapping or LMA

LMA before & after mapping (limits subcortical mapping during resection if LMA
15 used)

Treated mood disorders no longer a contraindication

Awake

2-stage procedure w/implanted grid

Iced Ringers solution, propofol IV 6 inches from vein
Cough suppressants w/ or w/o light sedation

Increase medication dose or add second line treatment

Preop medication w/antiemetic drugs (ondansetron hydrochloride, scopolamine )
and high-dose dexamethasone (10 mg)

Attempt to improve function w/up to 5 days of preoperative high-dose steroids w/ or
w/0o diuretics

The decision to offer surgery is not made based on preop anatomical or functional
imaging (attempt is always made to map, identify, & pre- serve




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



Surgical equipment
diathermy, sucbon
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Acta
Neurochirurgica

The European Journal
of Neurosurgery

Subcortical language
localization using sign
language and awake
craniotomy for dominant
posterior temporal glioma

resectionin a
hearing-impaired patient




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
. 7 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

. Sejzure



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



[] €mmmmmmmmmmmm e

negative feedback

MITOCHONDRIUM




Journal of Neuro-Oncology (2022) 156:233-256
https://doi.org/10.1007/s11060-021-03901-9

TOPIC REVIEW

Intraoperative 5-ALA fluorescence-guided resection of high-grade
glioma leads to greater extent of resection with better outcomes:
a systematic review

Tiffany A. Eatz' © . Daniel G. Eichberg' - Victor M. Lu' - Long Di' - Ricardo J. Komotar' - Michael E. lvan'

+ 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 IVIRI




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



CLICK HERE
\ o/

with an IN-Office Demo



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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