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Introduction
Malignant gliomas continue to pose a serious

challenge to neurooncologists in general and
neurosurgeons in particular. Since the first report
of an attempted glioma surgery by Godlee in 1884
(1), neurosurgeons have constantly grappled
with this challenge. Advances in surgical
techniques and adjuncts notwithstanding,
prognosis remains dismal even today. The
enthusiasm and optimism promised by current
multimodality therapy is dampened by the stark
reality of the inevitability of recurrence especially
in glioblastomas. These issues have charged the
minds of illustrious neurosurgeons in the past
and continue to spur neurosurgeons even today.
Neurosurgical oncology has been established as
a speciality in its own right (2). In order to achieve
optimal results the neurosurgeon has to think
like an oncologist. Surgical management of CNS
tumors differs in many respects from general
oncosurgery principles. En bloc resections are the
norm in oncosurgical practice. However such
radical resections are rarely, if ever, possible in
the majority of CNS tumors especially malignant
gliomas. The brain and spinal cord are highly
eloquent areas, where the risk of neurological
deficits at the slightest insult is high. Most intra-
axial tumors do not have a discrete plane of
demarcation from normal parenchyma. Even
where a plane does exist there may be admixed
normal tissue, precluding a radical excision. The
surgical access through the rigid bony skull is
limited, often necessitating working through
narrow corridors. Deep seated lesions further
require traversing normal tissue to reach the site
of the tumor. The normal parenchyma’s low
threshold to withstand mechanical pressure
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necessitates minimization of retraction. The
safest route to a given lesion needs to be
individualized based on a thorough preoperative
assessment of imaging combined with sound
knowledge of microsurgical anatomy. Thus
strict principles of oncosurgery are difficult, if
not impossible, to apply. They have to be
modified and the neurosurgeon has to think like
an oncosurgeon but with a neuroscientist’s
heart. Safe maximal resection remains the
underlying tenet.

Goals of Surgery
The aim of surgery is threefold- diagnostic

(always), by providing tissue for histological
typing; symptomatic relief (often) , by reducing
the mass effect and/or re-establishing CSF flow;
and curative (seldom), by eliminating/reducing
tumor load. The last goal is indeed difficult in
malignant gliomas and is more often than not
substituted with “prolongation of survival”.
Surgery usually plays a combination of these
roles.

Benefits of surgery
Surgery remains the mainstay of the treatment

of malignant gliomas. Surgery has multiple roles
to play and all together constitute the argument
in favour of surgery. Unfortunately the role of
surgery has been riddled with controversy
surrounding mainly one single issue i.e. the
survival benefit conferred by the extent of
resection. So overwhelming is the preoccupation
with this question that the other potential benefits
of surgical decompression are overlooked (3,4) .
To put things in perspective a critical analysis of
the role of surgery is warranted.

The oncological benefits
In most solid tumors, radical excision with

tumor free margins is the standard practice; the
rationale being improved survival. This however
is not possible in brain tumors and especially so
the malignant gliomas which do not have a well
defined plane of differentiation from normal
tissue. Numerous studies have attempted to
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address this issue (5-12). Very few randomized
trials exist. The next best level of evidence would
be well designed prospective studies. Analyses
of these suggest that radical surgery does indeed
improve survival. However, the extent of
resection needs to be near total with strict
radiological volumetric assessment. Reviews of
these studies consistently highlight their
inadequacies and deficiencies in design
(heterogeneous patient population, ambiguity in
histological grading, and non-uniform/
subjective assessment of extent of resection, to
name a few factors), thereby feeding the
controversy. Moreover the influence of extent of
surgery seems to be offset by other more
important variables such as age, performance
status and evidence of necrosis which could bias
the results of such studies. Most, however,
support the benefit (though not significant) of
surgical decompression, provided safety is not
compromised (13). With modern microsurgical
technique and surgical adjuncts morbidity (6-
21%) and mortality (0-2.5%) is acceptable and
possibly continually improving (14). The belief
that radical surgery may increase the risks of
neurological deficits even around eloquent cortex
is fallacious (15,16). Proper preoperative planning
and use of appropriate intraoperative adjuncts
can ensure optimal results.

Radiologically (on MRI) two patterns of glioma
growth have been described (17) - a central solid
tumor tissue constituting the enhancing core and
a diffuse invasive peripheral non enhancing T2
abnormal infiltrating tumor tissue zone. All
malignant gliomas can be conceived to comprise
of these two components in various proportions.
Every neuro-oncologist knows how difficult it is
to interpret the non enhancing T2 signal changes.
Clinicopathological studies have shown that
beyond the central mass of visible tumor, there
exist invisible tumor cells scattered amidst the
normal cells(18-20) .These so called small
anaplastic cells are not only morphologically
different from the main tumor mass cells, but are
also biologically different. In vivo studies have
shown that that local cell proliferation and diffuse
invasion are both early events in gliomagenesis
and begin simultaneously (21) .It would thus
seem that right at the outset, two distinct sets of
tumor cells are produced-one with a high
proliferative potential, and the second with a

propensity to invade. Thus, there appears to exist
a dichotomy as regards the biological properties
of tumor cells in a GBM. Moreover it seems that
this dichotomy may be mutually exclusive with
two distinct subsets of tumor cells within any
given GBM -  the central tumor-mass containing
rapidly proliferating cells (presumably incapable
of invasion), and a surrounding zone of
mitotically inactive, non cycling cells capable of
invasion but not able to proliferate(22). It can be
envisaged that the central proliferating core
which produces a macroscopic mass lesion is the
one which usually produces symptoms, and is
often the component targeted and eliminated by
local therapy (including surgery). Radical
removal of this core should be attempted and
this is the component of interest radiologically
when describing the extent of resection.
However, the infiltrating zone beyond this (even
beyond the visible T2 abnormality on MRI)
remains untreated with local therapy. This
remains the challenge to the neurosurgeon.
Adjuncts such as navigation and intraoperative
imaging cannot overcome this limitation.
Whether the use of biological intraoperative
imaging techniques (such as fluorescein based
techniques) address this component is unclear
and needs further elucidation. The very fact that
even hemisperectomy which has been attempted
in the past has been unable to really solve this
problem indicates the extent of the challenge on
hand in controlling these cancers (23).

This preoccupation with the survival benefit
of extent of surgery must end. It is only logical
and intuitive to think that a better (more radical)
surgery would be more beneficial. Though it may
sound sacrilegious, perhaps it is not wrong in
wondering whether randomized clinical trials are
really needed to prove that. Such a trial would
need to compare surgery with no surgery in
patients with malignant gliomas. Underlying the
very fact that there are no randomized trials
looking at extent of surgery in gliomas is the
admitted ethical difficulty in conducting such
trials. No ethics committee would approve such
a study, and for that matter no investigator
would probably conceive such a trial. This itself
is testimony to the fact that SURGERY IS
USEFUL. We need to look beyond just survival
advantage. The prognosis of gliomas is so dismal,
that even with adjuvant therapy overall survival
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is only marginally better. Agreed that overall
survival is the gold standard for any cancer
therapy; but given the facts, progression free
survival and time to progression are also
important endpoints. Even if surgery does not
improve overall survival, it has other proven
benefits.

Establishment of histological diagnosis
This remains the primary and in certain cases

the only role of surgery. Unlike most other
subspecialties in oncology where a tissue
diagnosis is available (and mandatory) prior to
commencement of therapy, the initial diagnosis
of a glioma (and for that matter all brain tumors)
is essentially based on radiology. Seldom is a
biopsy obtained initially (24). Often if a biopsy
(stereotactic or open) is attempted it is in all
probability the only form of surgery feasible in
the patient. This is usually the case in lesions
which are small and/or deep seated and in
intimate proximity to significantly eloquent areas
in the brain, or in patients who are unfit for major
surgery. Biopsy is also indicated if the radiology
is highly suggestive of a lymphoma or a non-
neoplastic process. Despite advances in radiology
especially MRI, brain tumors and tumor-mimics
are notorious for defying standard definitions
and hence a tissue diagnosis is so vital (except
perhaps in brainstem gliomas). Given the
intratumoral heterogeneity of gliomas, sampling
of larger amount of tissue allows a more
confident histological assessment of tumor type
and grade minimizing the risk of undergrading.
False negative rates as high as 10% and
discrepancy rates as high as 38% have been
reported (3). This underlines the need to retain
and submit as much of pathological tissue as is
possible even during surgical decompression.
Banking of tissue also allows for subsequent
molecular testing and is an invaluable biological
resource.

Symptomatic relief
Undoubtedly surgical decompression relieves

the mass effect (local as well as generalized raised
intracranial pressure) and restores CSF
circulation. This translates into immediate
symptomatic relief (both global as well as local
symptoms) and reversal of neurological deficits
which may be life-threatening at times (3). The
response to preoperative corticosteroid

medication has been often used as a surrogate
marker to predict the likely benefit of
decompressive surgery. Again, near total
excision (when possible) provides better relief.
In fact subtotal/partial resections may be
counterproductive. Alluding to the tumor
dichotomy described earlier, it is the removal of
the central mass-producing core which results
in the symptomatic relief obtained after
debulking surgery. Incomplete removal of this
core may elicit a kind of tissue reaction (reaction
to injury) which may result in aggravation of
edema/and or tissue hemorrhage translating into
neurological morbidity which correlates with
clinical experience in subtotal resections (15,25).
Clinical recovery and improved performance
status may enable a previously unwell patient
to be eligible for and benefit from adjuvant
treatment. Improvements in quality of life are
also important considerations, and cannot be
overlooked (26).

Surgical decompression/excision also helps
reduce steroid dependence. So often do patients
become steroid dependant, especially in the
recurrent setting. Surgical decompression allows
for stabilization of the neurological condition
allowing reduction in steroid doses without
aggravation of the symptoms.  Surgery can also
improve seizure control, allowing patients to be
weaned off potentially toxic medications. Of
course, the epileptogenic focus has to be
eliminated and ideally would require
intraoperative corticography to ascertain this.
This issue is of more relevance in low grade
gliomas where seizure control is the primary goal
of surgery.

Facilitating other therapies
Reduction in residual tumor burden (especially

the central, inaccessible, hypoxic, radioresistant
core) ensures better efficacy of subsequently
administered radiotherapy. Radiotherapy works
best when the residue it has to contain is minimal.

With the realization that malignant gliomas
are essentially local diseases, therapy to limit
local recurrence is gaining increasing
importance. To be effective local therapies need
to be able to home in on the site of tumor
preferentially and subsequently precisely and
specifically target the tumor cells. The
interaction of biological advances and newer
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nanotechnology has provided powerful tools to
target these tumors precisely at the molecular
level. The neurosurgeon then is essential in
deploying these locally directed therapies such
as chemotherapy-impregnated wafers,
convection-enhanced drug delivery catheters,
drug impregnated microspheres and other many
such experimental devices/implants (27, 28).

Promoting research
There is a growing need felt for studying the

molecular behavior of malignant gliomas,
resulting in a clamour for more tissue material.
Tissue banking is vital and surgery provides
tissue which can be used for ongoing and future
research. Hopefully translational research will
help us answer the many questions we face
today.

Surgical technique and technical adjuncts
As with all neurosurgical procedures, surgical

extirpation of malignant gliomas requires a
combination of technical expertise and
knowledge combined with a judicious use of
technical adjuncts; with neither capable of
substituting the other. It is no longer acceptable
to simply debulk with palliative intent accepting
defeat even before the commencement of
therapy. It is the .moral and ethical responsibility
of the neurosurgical oncologist to provide the
optimum treatment available. Various technical
adjuncts are at the disposal of neurosurgeons.
(29).A sound knowledge of basic
microneurosurgery is imperative. The use of the
surgical microscope has become routine (30). It
affords improved illumination, magnification
and stereoscopic view at a depth, enhancing the
view and facilitating performance of more radical
and complex surgeries safely. Elaborate
techniques of microneurosurgical dissection have
been described (31,32), and should be part of
every neurosurgeon’s armamentarium. These
techniques though effective may be difficult to
use when the tumor is subcortical and invisible
to the naked eye (even under a microscope).
Crude visual and tactile cues to localize the tumor
may have deleterious effects. Even when the
tumor is localized there may not be a clear plane
of demarcation from the adjacent normal
parenchyma. Separation of the tumor mass may
be difficult. Traction to the at-risk surrounding
cortex is to be avoided at all costs. Fortunately

the availability of various technical adjuncts for
visualization of the tumor as well as its
debulking has facilitated the neurosurgeon’s
task.

 1. Adjuncts to tumor visualization/
localization and margin delineation

a. Stereotactic localization. Use of frame
based and frameless stereotactic devices
(neuronavigation/image guided surgery) allow
for accurate localization and delineation of tumor
extent. The use of neuronavigation has become
integral to the management of brain tumors, the
main advantage being accurate siting of a limited
craniotomy (minimally invasive) and localization
of tumor especially in relation to the relevant
important surface anatomy (eloquent cortex,
draining veins, prominent sulci, etc). (33,34)
However, the main drawback of navigation
systems is the intraoperative brain-shift due to
decompression and CSF drainage
intraoperatively. This results in loss of
registration and limits the accuracy of this
technique (34). Computer assisted stereotactic
volumetric resection of tumors is another
computer assisted technique with similar
applications (35).

b. Intraoperative imaging: Intraoperative
MR allows exact delineation of tumor extent
intraoperatively in near-real-time, eliminating the
problems with brain shift. Various types of IOMR
platforms are available, each trying to balance
ease and convenience of surgery with optimum
image resolution (36-38). The combination of
IOMR with navigation has superior results. This
technology is however prohibitively expensive
and not available freely. A more easily available
and cost effective option is the use of
intraoperative ultrasound, a technology which
is highly underutilized. The IOUS has been
available much before neuronavigation and
IOMR came into use (39). Low resolution and
the relative user-unfriendliness of the US coupled
with the glamour and probably aggressive
promotion of the newer technology has relegated
the IOUS to the background. However, with
advances in technology in US and improved
image resolution with newer digital machines,
neurosurgeons are rediscovering this tool (40,41).
Importantly it provides real-time image
guidance. Combining US with navigation
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(sononavigation) allows one to complement the
other and enhances the efficacy of each (42).
This could probably result in a powerful
intraoperative image guidance tool, at a fraction
of the cost of IOMR. This is of considerable
interest to developing countries where IOMR is
inconceivable even at tertiary care centres.

c. Neuro-endoscopy is established as a
means of minimally invasive approach to a host
of regions; especially for intraventricular and the
skull base tumors (43). Skills for handling the
instruments as well as hand-eye coordination are
extremely important. Endoscopic assisted
microsurgery utilizes the endoscope to enhance
routine microsurgical techniques and is an
invaluable surgical adjunct.

d. Recently, interest has arisen in
intraoperative fluorescence imaging to visualize
microscopic tumor tissue. Various techniques of
fluorescence-guided resections have been
proposed (45,46). Though the proof-of-principle
has been established, further studies to establish
clinical relevance and efficacy are required.

e. The aforementioned anatomical
localization and visualization tools cannot
unfortunately predict the functional nature of
the tissue being handled. Given the wide
variations in Individual anatomy, reliance on
surface landmarks and/or atlases to localize
eloquent areas is very inadequate. Intraoperative
electrophysiological monitoring is preferable
when working in and around eloquent areas.
Monitoring and stimulation techniques for
cortical, deep white matter and cranial nerves
are an integral component of microneurosurgical
procedures in these vital areas (47).

2. Adjuncts to tumor debulking
Mechanical methods such as suction (for soft

tumors) and fragmentation using tumor forceps
remain the mainstay of internal decompression
piecemeal resection of most tumors. Since the
initial description of microneurosurgical
instruments, technology has been refined and
more precise, light-weight yet robust
instrumentation is available (48,49). Gentle and
careful microsurgical dissection of arachnoid and
tissue planes are essential to minimize morbidity.
Use of adjuncts such as ultrasonic aspiration and
lasers for certain tumors facilitates debulking.

As mentioned earlier, it is important to preserve
as much tissue as is possible for research
purposes.

Conclusions
Neuro-oncology has evolved into a specialty

in its own right. It is obligatory for a
neurosurgeon practicing as a neurosurgical
oncologist to be abreast with the current evidence
in treating patients with brain tumors. Rather
than despair at the prognosis of malignant
gliomas [which is more a function of the biology
of these intriguing tumors rather than the efficacy
(or lack of it) of surgery]; the neurosurgical
oncologist must equip himself with the evolving
advances in surgical techniques and utilize all
the adjuncts possibly at his disposal to effect the
maximum benefit possible. Active participation
in translational and clinical research is mandatory
to provide direction and relevance to the
explosion of information and insights that basic
research is throwing up.

References
1. Bennett H, Godlee RJ. Excision of a tumour from

the brain. Lancet 1884;2:1090-1.
2. Black P, Golby A, Johnson M. The Emerging Field

of Neurosurgical Oncology: Novel Techniques to
Optimize Outcomes and Minimize Mishaps.
Clinical Neurosurgery ;54, 2007 :36-46.

3. Pang BC, Wan WH, Lee CK, Khu KJ, Ng WH.The
role of surgery in high-grade glioma—is surgical
resection justified? A review of the current
knowledge. Ann Acad Med Singapore. 2007
May;36(5):358-63.

4. Sawaya R. Extent of resection in malignant
gliomas: a critical summary. J Neurooncol
1999;42:303-5.

5. Ryken TC, Frankel B, Julien T, Olson JJ. Surgical
management of newly diagnosed glioblastoma in
adults: role of cytoreductive surgery. J
Neurooncol. 2008;89(3):271-86.

6. Sanai N, Berger MS. Glioma extent of resection
and its impact on patient outcome. Neurosurgery.
2008 Apr;62(4):753-64; discussion 264-6.

7. Hess KR. Extent of resection as a prognostic
variable in the treatment of gliomas. J
Neurooncol. 1999 May;42(3):227-31.

8. Nazzaro JM, Neuwelt EA. The role of surgery in
the management of supratentorial intermediate
and high-grade astrocytomas in adults. J
Neurosurg 1990;73:331-44.

Aliasgar Moiyadi. International  Journal of Neurology and Neurosurgery. July-Sept, 2009,Vol.1, No.3



151

9. Quigley MR, Maroon JC. The relationship
between survival and the extent of the resection
in patients with supratentorial malignant
gliomas. Neurosurgery 1991;29:385-8.

10. Grant R, Metcalfe SE. Biopsy versus resection for
malignant glioma. Cochrane Database Syst Rev
2005;2:CD002034.

11. Laws ER, Parney IF, Huang W, Anderson F,
Morris AM, Asher A, et al.Survival following
surgery and prognostic factors for recently
diagnosed malignant glioma: data from the
Glioma Outcomes Project. J Neurosurg
2003;99:467-73.

12. Lacroix M, Abi-Said D, Fourney DR, Gokaslan
ZL, Shi W, DeMonte F,et al. A multivariate
analysis of 416 patients with glioblastoma
multiforme:prognosis, extent of resection, and
survival. J Neurosurg 2001;95:190-8.

13. Mitchell P, Ellison DW, Mendelow AD: Surgery
for malignant gliomas: mechanistic reasoning and
slippery statistics. Lancet Neurol 4:413–422, 2005.

14. Vives KP, Piepmeier JM. Complications and
expected outcome of glioma surgery. J
Neurooncol. 1999 May;42(3):289-302.

15. Sawaya R, Hammoud M, Schoppa D, Hess KR,
Wu SZ, Shi WM, et al. Neurosurgical outcomes
in a modern series of 400 craniotomies for
treatment of parenchymal tumors. Neurosurgery
1998;42:1044-55.

16. Fadul C, Wood J, Thaler H, Galicich J, Patterson
RH Jr, Posner JB. Morbidity and mortality of
craniotomy for excision of supratentorial gliomas.
Neurology. 1988 Sep;38(9):1374-9.

17. Kelly PJ, Daumas-Duport C, Scheithauer BW,
Kall BA, Kispert DB. Stereotactic histologic
correlations of computed tomography- and
magnetic resonance imaging-defined
abnormalities in patients with glial
neoplasms. Mayo Clin Proc 1987;62:450-9.

18. Burger PC, Heinz ER, Shibata T, et al.
Topographic anatomy and CT correlations in
the untreated glioblastoma multiforme. J
Neurosurg 1988;68:698- 704.

19. Silbergeld DL, Chicoine MR. Isolation and
characterization of human malignant glioma
cells from histologically normal brain.J
Neurosurg 1997. 86:525-531.

20. Guha A, Mukherjee J: Advances in the
biology of astrocytomas. Curr Opin Neurol
17:655–662, 2004.

21. Mourad P D, Farrell L, Stamps L D, Santiago
P, Fillmore H L, Broaddus W C, Silbergeld D

L: Quantitative assessment of glioblastoma
invasion in vivo. Cancer Letters (2003) 192:
97–107.

22. Berens ME, Giese A. “…those left behind.”
Biology and oncology of invasive glioma
cells. Neoplasi 1999. 1(3):208-219.

23. Dandy WE. Removal of right cerebral
hemisphere for certain tumors with
hemiplegia. JAMA 1928;90:823-5.

24. Kondziolka D, Lunsford LD. The role of
stereotactic biopsy in the management of
gliomas. J Neurooncol 42: 205–213, 1999.

25. Ammirati M, Vick N, Liao YL, Ciric I,
Mikhael M. Effect of the extent of surgical
resection on survival and quality of life in
patients with supratentorial glioblastomas
and anaplastic astrocytomas. Neurosurgery
1987;21:201-6.

26. Brown PD, Maurer MJ, Rummans TA,
Pollock BE, Ballman KV, Sloan JA, et al. A
prospective study of quality of life in adults
with newly diagnosed high-grade gliomas:
the impact of the extent of resection on
quality of life and survival. Neurosurgery
2005;57:495-504.

27. Dunn I, Black PM: The neurosurgeon as local
oncologist: cellular and molecular
neurosurgery in malignant glioma therapy.
Neurosurgery 52:1411–1424, 2003.

28. Rainov N G, Söling A, Heidecke V. Novel
therapies for malignant gliomas: a local
affair? Neurosurg Focus 20 (4):E9, 2006.

29. Toms SA, Ferson DZ, Sawaya R. Basic
surgical techniques in the resection of
malignant gliomas. J Neurooncol. 1999
May;42(3):215-26.

30. Salcman M. Historical development of
surgery for glial tumors. J Neurooncol 42:
195–204, 1999.

31. Pia HW: Microsurgery of gliomas. Acta
Neurochir 80:1–11, 1986.

32. Yasargil MG, Kadri PA, Yasargil DC.
Microsurgery for malignant gliomas. J
Neurooncol. 2004;69(1-3):67-81.

33. Barnett GH. The role of image-guided
technology in the surgical planning and
resection of gliomas.  J Neurooncol 42: 247–
258, 1999.

34. Wirtz CR, Albert FK, Schwaderer M, Heuer
C, Staubert A, Tronnier VM, Knauth M,
Kunze S. The benefit of neuronavigation for

Aliasgar Moiyadi. International  Journal of Neurology and Neurosurgery. July-Sept, 2009,Vol.1, No.3



152

neurosurgery analyzed by its impact on
glioblastoma surgery. Neurol Res. 2000
Jun;22(4):354-60.

35. Kelly PJ, Kall BA, Goerss S, et al.: Computer-
assisted stereotaxic laser resection of intra-
axial brain neoplasms. J Neurosurg 64: 427–
439, 1986.

36. Fahlbusch R, Nimsky C. Intraoperative MRI
developments. Neurosurg Clin N Am. 2005
Jan;16(1):xi-xiii.

37. Nimsky C, Ganslandt O, Kober H, Buchfelder
M, Fahlbusch R. Intraoperative magnetic
resonance imaging combined with
neuronavigation: a new concept.
Neurosurgery. 2001;48(5):1082-9.

38. Hatiboglu MA, Weinberg JS, Suki D, Rao G,
Prabhu SS, Shah K, Jackson E, Sawaya R.
Impact of intraoperative high-field magnetic
resonance imaging guidance on glioma
surgery: a prospective volumetric analysis.
Neurosurgery. 2009;64(6):1073-81.

39. Dohrmann GJ, Rubin JM. History of
intraoperative ultrasound in neurosurgery.
Neurosurg Clin N Am 2001; 12:155–166.

40. Reinacher PC, van Velthoven
V.Intraoperative ultrasound imaging:
practical applicability as a real-time
navigation system. Acta Neurochir Suppl.
2003;85:89-93.

41. Unsgaard G, Gronningsaeter A, Ommedal S,
Nagelhus Hernes TA.Brain operations
guided by real-time two-dimensional
ultrasound: new possibilities as a result of
improved image quality. Neurosurgery.
2002;51(2):402-11.

42. Unsgaard G, Ommedal S, Muller T,
Gronningsaeter A, Nagelhus Hernes TA.
Neuronavigation by intraoperative three-
dimensional ultrasound: initial experience
during brain tumor resection. Neurosurgery.
2002;50(4):804-12.

43. Kunwar S.Endoscopic adjuncts to
intraventricular surgery. Neurosurg Clin N
Am. 2003 Oct;14(4):547-57.

44. Kassam A, Horowitz M, Welch W, Sclabassi
R, Carrau R, Snyderman C, Hirsch B. The role
of endoscopic assisted microneurosurgery
(image fusion technology) in the performance
of neurosurgical procedures. Minim Invasive
Neurosurg. 2005 Aug;48(4):191-6.

45. Tonn JC, Stummer W. Fluorescence-guided
resection of malignant gliomas using 5-
aminolevulinic acid: practical use, risks, and
pitfalls. Clin Neurosurg. 2008;55:20-6.

46. Kremer P, Mahmoudreza F, Ding R, Pritsch
M, Zoubaa S, Frei E. Intraoperative
fluorescence staining of malignant brain
tumors using 5-aminofluorescein-labeled
albumin. Neurosurgery. 2009;64(3 Suppl):53-
60.

47. Matz PG, Cobbs C, Berger MS. Intraoperative
cortical mapping as a guide to the surgical
resection of gliomas. J Neurooncol 42: 233–
245, 1999.

48. Yasargil MG, Vise WM, Bader DC. Technical
adjuncts in neurosurgery. Surg Neurol. 1977
Nov;8(5):331-6.

49. Barnett GH, Nathoo N. The modern brain
tumor operating room: from standard
essentials to current state-of-the-art. J
Neurooncol. 2004 Aug-Sep;69(1-3):25-33.

Aliasgar Moiyadi. International  Journal of Neurology and Neurosurgery. July-Sept, 2009,Vol.1, No.3


