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Introduction

The goals of surgery for malignant glioma are to establish a histological
diagnosis and to achieve mechanical cytoreduction to reduce intracranial
pressure (ICP) and possibly alter tumor kinetics. There is controversy
concerning the question whether the glioma is a focal or diffuse process; it
appears that there may be variability between the two extremes in individual
cases. The question of the value of surgery has also been controversial. Review
of the literature suggests that both early and long-term postoperative outcome
after radical surgical resection are better than the results of either partial
resection or simple biopsy, in terms of neurological status and duration of
survival. Similarly, reoperation for recurrence of glioma offers reasonable
extension of quality survival. Despite the desirability of extensive cytoreductive
surgery for malignant gliomas, the presence of viable infiltrative cells beyond
the margins of the resection necessitate that surgery be a part of an aggressive
multimodality therapeutic approach. Adjunctive measures to control the
infiltrative component include newer forms of radiotherapy (such as
stereotaxic radiosurgery) and newer delivery techniques for chemotherapy
(agents impregnated in biodegradable polymers implanted in the tumor bed
after surgical resection), and possibly immunotherapy and gene therapy as they
may become feasible in the future. The strategy for management of malignant
glioma thus consists of a combination of extensive surgical resection to reduce
the accessible tumor burden, followed in rapid sequence by measures to control
the infiltrative portion of the tumor. It is recommended that these measures be
offered ‘up front’ rather than delaying treatment until there is clinical or
radiographic evidence of tumor recurrence.
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In the past few decades, the advent of micro-
neurosurgical technique, associated with improve-
ments in neuro-anesthesia and perioperative care, has
resulted in remarkable advances in the management
ofbenign tumors of the brain — meningiomas, acoustic
neurinomas and pituitary tumors. Malignant tumors,
however, continue to evade satisfactory clinical
control. The extraordinary devel-opment of non-
invasive imaging techniques — computerized tomo-
graphy (CT), magnetic resonance imaging (MRI),
positron emission tomography (PET), and single
photon emission computed tomography (SPECT) —
with clear delineation of the neoplastic tissue, have
contributed to renewed interest in addressing the
immense therapeutic challenge of the malignant
glioma. This paper focuses on the role of surgery
and its relationship to multimodality therapy for
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anaplastic astrocytoma and glioblastoma multiforme,
the most aggressive of the astrocytic neoplasms.

Goals of surgical resection

The goals of surgery for malignant glioma, as
postulated by Shapiro (1982), are as follows:

(1) The establishment of a histological diagnosis.
(2) Tumor cytoreduction for:

(a) Improvement in neurological status by
reduction of increased intracranial pres-
sure, and

(b) Possible change in tumor kinetics.

Establishment of histological diagnosis (biopsy)
CT scanning is generally accurate in identifying
malignant glioma and resolution is even greater
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with MRI (Choksey et al, 1989; Rajan et al, 1994).
Although these imaging modalities result in only
occasional misdiagnosis, the importance of precise
histological diagnosis in planning treatment and in
estimating prognosis is of such great value that
biopsy, when feasible, is desirable. A biopsy can be
obtained by open craniotomy or by stereotaxic
technique (Figure 1) via a small trephine. In
addition, tissue may be submitted for cell culture
for chemosensitivity assay to aid in the selection of
appropriate chemotherapy (Darling et al, 1997). An
advantage of the open craniotomy technique is that
it permits adequate sampling of multiple regions of
the lesion to minimize the risk of error in under-
estimating the degree of malignancy.

Cytoreduction

On average, malignant gliomas are approximately
5 cm in diameter, weigh 80 to 100 gm, and contain
10" cells (Salcman, 1990). This mass, along with
surrounding edema, accounts for an estimated 10%
of the intracranial volume. The benefit of cyto-
reduction is related to:

(a) Reduction of elevated intracranial pressure
(ICP). Resection of the tumor mass affords
immediate control of the elevated ICP or local
tissue compression and may thereby improve
neurological function. The mechanical cytore-
duction of the mass also buys time for other
therapeutic interventions — radiation therapy,
chemotherapy, immunotherapy or gene therapy
— to be administered and take effect. The

M +18_&8Mn

1115

Figure 1 Axial CT scan of a female patient age 45 with a deep
right parietal lesion, in preparation for stereotaxic biopsy. The
white dots on the periphery are used to compute the stereotaxic
coordinates for a probe to stereotaxically target the cursor (cross)
electronically imprinted on the scan in the center of the lesion.

reduced tumor burden has been shown to have
a beneficial effect on cerebral blood flow and
metabolism even at sites in the brain distant
from tumor resection (Beaney et al, 1985). It has
been suggested that these physiological changes
may be associated with the functional improve-
ment observed clinically after tumor removal
(Salcman, 1990).

(b) Possible change in tumor kinetics. The bulk of
the main tumor mass contains hypoxic, poorly
vascularized, non-dividing cells which are
relatively resistant to radiation and chemother-
apy (Salcman, 1982). Radical tumor resection is
intended to extend to the outer border of the
central tumor mass corresponding to the con-
trast enhancing rim on the CT or MRI scan. A
peritumoral zone of edema contains micro-
scopic tumor cells which are thought to be
actively cycling and are the source of continued
tumor growth. Reduction of the tumor burden
by excision of the main tumor mass potentiates
the effect of radiation or chemotherapy directed
to the more susceptible actively cycling tumor
cells on the periphery of the tumor mass. It has
also been suggested that excision of the main
tumor mass can induce residual non-dividing
cells on the periphery to enter the pool of
actively cycling cells which may render them
more sensitive to radiation and to chemotherapy
(Hoshino, 1984).

Malignant glioma: focal versus diffuse

The question whether malignant glioma represents
a focal or diffuse process is fundamental to the
issue of efficacy of focal surgical resection or other
treatment modalities. Burger (1987) and Halperin et
al (1988) cite numerous instances of neoplastic cells
far distant from the main tumor. Kelly et al (1987)
have similarly reported, using sequential stereotaxic
biopsies, tumor infiltration well beyond the border
of the MRI-contrast enhancing margin of the lesion.
In contrast to the view that the malignant glioma
is a diffuse, infiltrative process, a number of authors
contend that the process is focal in nature (Dyck et
al, 1983; Gutin and Leibel, 1985; Hochberg and
Pruitt, 1980). The debate has accelerated since the
introduction of CT and MR imaging. For example,
Hochberg and Pruitt (1980) have shown that 90% of
glioblastoma recurrences in their series were within
2 cm of the contrast enhancing tumor border.
Judging from the wide disparity in the evidence
supporting the respective two extremes in this
controversy, we may consider the possibility that
there is variability in the degree to which a given
case of glioma may be diffuse or focal. Local or
distant spread appears to occur. Therapeutically, in
patients manifesting either a diffuse or a focal
neoplasm, the presence of tumor cells beyond the



margins of the main tumor mass points to the
necessity of a multimodality approach in an effort to
control the variable infiltrative component of the
neoplastic process.

Surgical resection and outcome

Perioperative morbidity and mortality

With advances in neuro-anesthesia, and with the
introduction of corticosteroids in the 1960s, opera-
tive morbidity and mortality have declined to
reasonable levels. In the past decade, the 30-day
operative mortality has ranged, in most series, from
0% (Ciric et al, 1987) to 3.5% (Fadul et al, 1988;
Salcman, 1996); mortality in one series, however,
was 17% (Hollerhage et al, 1991). In these same
series, surgical morbidity, including increased
neurological deficit, ranged from 8—16%.

A number of authors have observed that partial
tumor resection is associated with greater risk of
postoperative neurological worsening than either
radical excision or stereotaxic biopsy (Ciric et al,
1987; Jelsma and Bucy, 1967; Salcman, 1996). In the
series of Ciric et al (1987), 97% of patients with
gross total or nearly gross total resection had
improved or stable postoperative neurological
status; in contrast, postoperative neurological wor-
sening occurred in 40% of patients with partial
resection. In two other series (Fadul et al, 1988;
Vecht et al, 1990) no significant difference was
found in the incidence of neurological worsening
following gross total resection compared with
limited resection. These data from various studies
suggest that radical tumor resection is associated
with no greater or perhaps less risk of neurological
compromise than with partial resection.

Does surgical resection prolong survival?
Conventional therapy for malignant glioma has
generally consisted of surgery (variable extent of
resection according to the philosophy and experi-
ence of the individual neurosurgeon), followed by
radiotherapy. Median duration of survival after
surgery and radiation in various series has been
reported to be 24 months for anaplastic astrocytoma
and 9 months for glioblastoma (Walker et al, 1978,
1980; Kristiansen et al, 1981; Chang et al, 1983;
Green et al, 1983). Addition of chemotherapy has
increased median survival to approximately 11
months for glioblastoma (Walker et al, 1978, 1980;
Chang et al, 1983; Green et al, 1983).

Debate continues in the literature concerning the
question of whether surgical excision of a malignant
glioma is of any benefit in prolonging survival. A
number of authors argue that removal of tumor is of
no benefit. Table 1 lists these authors and the
number of cases of malignant glioma on which they
base their conclusions. In the study by Kreth et al
(1993), a retrospective comparison was made of 58
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glioblastoma patients who had stereotaxic biopsy
followed by radiation therapy with 57 patients who
had surgical resection plus radiation therapy.
Median survival for the surgical resection group
was 39.5 weeks, compared with 32 weeks for the
biopsy group; the difference was not significant and
the comparable survival times for the two groups led
to the authors’ conclusion that cytoreductive sur-

Table 1 Reports in literature of failure of surgical resection in
prolonging survival in patients with malignant glioma

Authors Country Number of cases
Marshall et al, 1974 us 29
Coffey et al, 1988 Us 91
Kala et al, 1993 Czechoslovakia 31
Kreth et al, 1993 Germany 115

Total cases: 266

Table 2 Reports in literature demonstrating benefit of surgical
resection in prolonging survival of patients with malignant
glioma

Authors Country Number of cases
Salcman, 1985 (Literature review) 603
Ammirati et al, 1987 us 31
Sandeman et al, 1990 UK 359
Vecht et al, 1990 Netherlands 243
Forsting et al, 1993 Germany 68
Simpson et al, 1993 Us 645
Jeremic et al, 1994 Japan, Yugoslavia 86
Nitta and Sato, 1995 Japan 101

Total cases: 2136

PERCENT SURVIVING

4
MONTHS

Figure 2 Effect of extent of surgical resection on survival. This
graph is based on a review of the literature by Salcman (1985),
comprising 603 patients with glioblastoma: extensive surgical
resection (X’s, 172 cases), partial surgical resection (closed
circles, 301 cases), and simple biopsy (open circles, 130 cases).
Surgery in these 603 cases was not followed by radiation or
chemotherapy (with permission).
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gery is of doubtful value for prolonging life and that
radiation therapy is the most effective treatment.
An extensive review of the literature concerning
the role of surgery for malignant gliomas by Nazzaro
and Neuwelt (1990) concluded that ‘the need for
tissue diagnosis and the importance of decompres-
sion in symptomatic patients is well-estab-
lished ... however, the role of cytoreductive
surgery, particularly as it relates to survival,
remains unclear . . . aggressive surgical resection
when it is the sole therapeutic modality may result
in a modest increase in period of survival.” The

reviewers further suggested that postoperative
radiotherapy may well be responsible for the
modest extension of survival in patients treated
with both surgical resection and radiation.

Extent of surgical resection and survival

There has been an increasing number of reports,
particularly in the past 10 years, specifically
addressing the issue of the influence of the extent
of surgical resection and outcome. The attention to
extent of resection reflects, in part, the greater ability
to quantify residual tumor by CT and MRI scanning
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Figure 3 Pre-operative MRI scans (A, B, C of male patient age 36 who presented with a 2-month history of visual disturbance (left
hemianopsia), increasing headaches, and, for the few days prior to admission, there was also confusion and nausea. (A) Pre-operative
sagittal T-1 weighted scan showing low-intensity large irregular right temporo-parietal mass. (B) Axial T-1 weighted scan showing
temporo-parietal mass. (C) Axial T-1 weighted scan with contrast showing irregular enhancement within mass. (D) Intra-operative
ultrasound imaging to aid in delineating the deeper portions of the tumor. Arrows indicate deep margin of tumor interface with
surrounding normal brain. (E and F) MRI scans with contrast 1 day after surgery; axial and coronal T-1 weighted images showing
irregular rim of high signal consistent with residual blood elements (methemoglobin) in the tumor bed (arrows). There is a small,
irregularly shaped subcentimeter enhancing nodule in the medial temporal lobe in the region of the uncus, probably representing a
focus of residual tumor. Post-operatively, apart from persistent left homonymous hemianopsia, the patient was neurologically intact.
He received a course of regional radiotherapy and returned to work as a draftsman 2 months later. Now 6 months after surgery, and
depending upon the appearance of the next MRI scan, consideration will be given to stereotaxic radiotherapy focused on the possible

residual tumor nodule in the uncus; chemotherapy will also be considered.

(Forsting et al, 1993). Table 2 lists papers which
specifically address the issue of extent of resection;
each of these papers points to a positive correlation
between radical resection and longer survival. Salc-
man (1985) pooled the results of studies comprising
603 cases, graphically illustrated in Figure 2. These
cases had varying degrees of surgical resection
without subsequent radiation or chemotherapy.
Survival of 172 cases with extensive surgical
resection was 13 and 4% at 1 and 2 years
respectively. Partial resection (301 cases) had a 4
and 2% survival at 1 and 2 years respectively. Cases
of simple biopsy (13 cases) had 0% survival at 1 year.
In the study by Vecht et al (1990), overall median
survival in all patients (including extensive or
partial resection) with anaplastic astrocytoma and
glioblastoma, was 8 and 4 months, respectively, with
a 2-year survival of 13 and 0.5%, respectively.
However, extensive surgery in their series was
significantly correlated with a better immediate
post-operative performance, a lower 1-year mortal-
ity rate and a longer survival, in both anaplastic
astrocytoma and glioblastoma.

Simpson et al (1993) found that patients with
total resection had a median survival of 11.3 months
compared to 6.6 months for biopsy only; there was

also a significant difference in median survival for
partial resection versus biopsy only (10.4 versus 6.6
months). Tumor size was not a prognostic factor in
survival. In the series by Sandeman et al (1990),
median survival was 14 months in the surgical
resection group, 4 months in the biopsy group, and
2.2 months in the no-craniotomy surgery group;
these authors comment, however, that the craniot-
omy group consisted of patients with better pre-
operative prognostic indicators than the biopsy
group. They point to the need for prospective trials
randomizing patients to limited and radical resec-
tion groups.

A total of 266 cases listed in Table 1 represent the
database for the four papers which report no benefit
for surgical resection. Table 2 lists a total of 2136
accumulated cases in the eight papers which favor
extensive surgical removal of malignant gliomas.
This large collection of patients (Table 2) from
multiple centers in the US, Europe and Japan tends
to add credibility to the validity of extensive
resection.

Reoperation for recurrent glioma
In the past, reoperation for recurrent glioma has
been relatively infrequent, in the range of 0—10%
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(Salcman, 1996), and has generally been offered to
younger patients in stable neurological condition.
There is increasing evidence, however, that
reoperation can offer reasonable duration of
quality survival. Salcman (1996) states that ‘the
rationale for primary surgery may apply equally
well to reoperation . . .”. Median survival time has
been reported as 36-40 weeks from the time of
reoperation (Harsh et al, 1987; Rostomily et al,
1994; Salcman, 1996). Longer survival was asso-
ciated with higher preoperative Karnofsky perfor-
mance scores, lower grade histology at the time of
recurrence, and lobar versus deep tumor location.
In the series of Rostomily et al (1994), surgical
debulking was associated with longer time to
tumor progression but not survival. A common
observation in relation to the results of first
operation for malignant glioma is that there is a
positive correlation between preoperative neuro-
logical status and quality and duration of survival.
A similar relationship has been reported in the
case of reoperation for recurrent glioma (Rostom-
ily et al, 1994; Young et al, 1981). It has been
recommended, therefore, that reoperation be
offered to patients on the basis of either clinical
or radiographic worsening, rather than deferring
surgery to the point of neurological deterioration
(Salcman, 1990).

Hlustrative cases

Figure 3 illustrates a case of a large anaplastic
astrocytoma with nearly total surgical resection.
Figure 4 illustrates a case of another patient with a
malignant mixed glioma in the dominant hemi-
sphere involving the speech area and for which

craniotomy was carried out with the patient awake
to enable electrophysiological brain mapping to
identify the speech area.

Multimodality therapy

As discussed previously in this paper, surgery for
malignant glioma is intended to establish diagnosis
and to provide mechanical cytoreduction to reduce
intracranial pressure and possibly alter tumor
kinetics. Although tumor cytoreduction appears to
be vital, the presence of viable tumor cells beyond
the enhancing margin of tumor points to the
necessity of surgery as part of a multimodality
treatment strategy (Fransen and de Tribolet, 1993;
Laws, 1995; Salcman, 1990). Ideally, maximal
treatment embracing various modalities is offered
‘up front’ rather than delaying a particular treat-
ment until tumor recurrence becomes evident. The
infiltrative portion of the tumor — beyond the
margins of tumor resection — are often invisible to
imaging techniques but these viable tumor cells
constitute the source of future recurrence and
ultimate fatal outcome. It has been reported that
two-thirds of all astrocytomas dedifferentiate to a
more malignant grade at the time of the first
recurrence (Miiller et al, 1977).

Therapeutic adjuncts widely used at present
include radiotherapy and, to a lesser extent,
chemotherapy. Advances in radiotherapy include
the use of altered fractionation schedules, stereo-
taxic brachytherapy and stereotaxic radiosurgery.
Boron neutron capture therapy remains investiga-
tional.



The value of chemotherapy has been limited by
the blood brain barrier (BBB) and by systemic as
well as neuro-toxicity. There has been some
interest in the potential for direct delivery of
chemotherapeutic agents to the tumor by super-
selective intraarterial injection via microcatheters
placed in small blood vessels feeding the tumor
(Larner et al, 1995). The most promising new
development in the application of chemotherapy
for brain tumor has been the introduction of
biodegradable polymers impregnated with che-
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motherapeutic agents (Brem et al, 1995; Valtonen
et al, 1997). These polymers, in the form of dime-
size wafers applied topically in the tumor bed at
the time of surgical resection, slowly release the
chemotherapeutic agent (carmustine [BCNU]) as
they degrade over a period of weeks. Although
carmustine is the agent currently used in the
polymer-impregnated wafers, other agents, parti-
cularly camptothecin (Brem, 1997) are being

tested experimentally and may be more effective
than carmustine. The advantage of topical applica-

Figure 4 Pre-operative MRI scans (A, B, C) of male patient aged
72 with 1-month history of sudden onset of difficulty with word
finding, reading and comprehension. (A) Axial T-1 weighted
scan with contrast, showing circumscribed mass with high
intensity rim in posterior left temporal lobe. (B) Axial T-2
weighted image showing mass with central region of high signal.
(C) Coronal T-1 weighted image with contrast, showing
circumscribed mass above tentorium and adjacent to left lateral
ventricle. (D) Craniotomy was carried out with patient awake to
permit electrophysiological brain mapping to identify speech
area because lesion was in region of Wernicke’s area. Search was
also made for the motor cortex. Paper number tags were applied
to the cortical surface to serve as markers for stimulation sites. A
portion of the tumor was located in an area where electrical
stimulation produced speech arrest so that this restricted the
effort to achieve a radical resection of the tumor. (E) Axial MRI
scan with contrast 1 day after surgery, showing blood in tumor
bed and ring enhancement (arrows) suggestive of residual tumor.
It was estimated that there was less than 10% residual tumor.
Post-operatively, speech was slightly worse for several days,
then returned to pre-operative baseline and was considerably
improved 1 month later. The patient was given a course of 3-D
regional radiation therapy and a boost of stereotaxic radio-
surgery directed to the residual tumor. Now 6 months after
surgery, the patient is self-sufficient although he has not
returned to work as a part-time bus driver. He still has difficulty
with reading and there is some delay in word-finding; he
remains otherwise neurologically intact.
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tion in the tumor bed is the by-passing of the BBB
and the virtual elimination of systemic toxicity.
Further potential for the use of polymers for
delivery of agents directly to the tumor include
impregnation with radiosensitizers, anti-angiogen-
esis agents and cytokines (Brem, 1997).
Monoclonal antibodies specific for glioma cells
are currently in limited use as an adjunct in
tumor management (Miyamoto et al, 1996). The
antibodies, injected intravenously, are used as
carriers for isotopes, although, theoretically, the
antibodies could be bound to other agents such
as immunotoxins. Future innovative treatments
are likely to emerge from ongoing studies in
molecular biology. Among these is immunother-
apy relating to the cellular immune response in
patients with malignant glioma (Tada and de
Tribolet, 1997). Another is the application of
gene therapy to human brain tumor. Trials in
humans have entailed the stereotaxic injection of
viral vectors directly into brain tumors to
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