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PURPOSE: To optimize the timing of CT and MR after glioblastoma resection
pattern of tumor regrowth. SUBJECTS AND METHODS: Sixty-eight patients
were studied prospectively with CT and MR. The first postoperative scan was
day 1 and day 5; follow-up scans were obtained bimonthly . RESULTS: Res idual
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most reliably on scans obtained shortly after surgery (MR , 77 % ; CT, 40 .5 %). After the fourth day
up to 3 months postoperatively, surgically induced enhancement prevented recogn ition of residual
tumor. Seventy-five percent of patients with residual tumor shown by early postoperative MR had
progressive disease during follow-up , whereas only 36 % of patients without evidence of residual
tumor had MR signs of progressive disease. CONCLUSION: Early, enhan ced , postoperative MR is
the radiologic procedure of choice to determine the extent of glioblastoma resection . Gross total
tumor resection as determined by early postoperative MR correlates with a prolongation of life.
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ment. Among the few available CT -based studies,
there is neither consistency in the methods of
estimating residual tumor volume, nor consistency in the timing of postoperative radiographic
studies (1 , 5-9). Thus far, the systematic use of
MR, and especially of paramagnetically enhanced
MR in the evaluation of the cranial postoperative
site, has remained largely uninvestigated (9 , 10).
The purpose of this study was, first, to evaluate
the natural history of contrast enhancement after
brain tumor resection; and second, to find out
which imaging modality would be optimal to
monitor glioblastoma patients radiologically after
surgery. The goal of the long-term follow-up part
of our study was to define the regrowth pattern
of glioblastoma after surgical excision.

Most scientific studies addressing the role of
surgery in the management of malignant cerebral
gliomas in adults rely exclusively on the surgeon 's
impression of the degree of resection accomplished; subjective estimations of tumor bulk reduction form the basis of very recent reports (14). Also, most studies are retrospective reviews
of the records of patients operated on by various
surgeons (1) . While computed tomography (CT)
has been available for many years to monitor
patients postoperatively, and while magnetic resonance imaging (MR) can now be used for the
same purpose, both methods are diagnostically
limited because they do not distinguish tumor
enhancement from surgically induced enhanceReceived December 3 , 1991 ; revision requ ested February 3, 1992;
revision received March 4 and accepted March 11 .

Subjects and Methods

Presented in part at the annual meeting of the American Societ y of
Neuroradiology , Washington , DC , June 1991.

In a prospective stud y , 68 patients wi t h gliom a grade IV
(WHO) were studied by CT and MR before and , at specific
intervals, after surgery. All CT studi es were perfo rm ed
before and after intravenous contrast enhancem ent; contrast scans were obtained immediately after bolus injecti on
of 100 ml of iohexol300 (Omnipaque; Scherin g AG, Berlin,
Germany). MR wa s performed on a 1.0-T unit. T ]-weighted
images (Tl WI) were obtained with a repeti tion time (TR ) of
600 msec and an echo time (TE) of 20 m sec. For contrast
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enhancem ent, 0 .2 mmoL/ kg gadolinium-DTPA (Magnevist , Schering AG) was injected intravenously ; imaging was
begun immed iately after th e injection of contrast material.
With both CT and MR studies, the section thickness was
8 mm without intersection gap.
The first postoperative CT and MR scans (early postoperative imaging) were obtai ned as soon as possible after
surgery, usuall y between day 1 and day 5 . Early postoperative MR was perform ed in al l patients , and additional
ea rl y postoperative CT scanning was done in the first 42
patients. Later (follow-up) MR imaging was performed 2
weeks, 4 to 6 weeks, and then every 2-3 months after
surgery in all patients.
The same postoperative imaging protocol was used to
examine 10 patients who had astrocytomas grade II (WHO)
witho ut preoperative signs of blood-brain barrier disruption
(control group). Thus, any ea rly postoperative enhancem ent in this group had to be interpreted as being surgically
induced.
T o eva luate the natural history of postoperative contrast
enhancement and to determine which imaging modality
wou ld be most su itable for postoperative monitoring , we
analyzed the CT and MR scans of all 68 glioblastoma
patients (group A) and of 10 patients with astrocytoma
grade II (group B). To define the pattern of tumor regrowth,
we analyzed the imaging data of 55 patients (group C), in
whom th e postsurgi cal follow-up was longer than 6 months;
th e median follow-up time in this group was 38.8 weeks.

Results
Residual Tumor and Natural History of Contrast
Enhancement

Early postoperative MR showed no enhancement along the resection lines in all patients of
group B (Fig. 1), indicating that no surgically
induced disruption of the blood-brain barrier exists at this time. In 40.5% (17 /42) of patients in
group A, early postoperative CT revealed irregular (nonlinear) enhancement at the margins of the
resection site; analogous changes were seen on
MR images in 77 % (52/68) of patients. These
areas of abnormal contrast enhancement corresponded to enhancing areas already present on
the preoperative scans and thus reflected residual
tumor (Fig. 2). MR findings were equivocal,
mainly due to motion artifacts, in 7 % (5/68) of
patients, while CT findings were equivocal in
40.5 % (17 /42) of patients. No signs of residual
tumor were seen in 16% (11/68) of patients on
early postoperative MR and in 19% (8/ 42) of
patients on early postoperative CT.
The main tissue alteration confounding the
interpretation of early CT studies was hemorrhage at the resection site and enhancement of
the adjacent parenchyma, both of which were
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Fig. 1. Axial enhanced T1-weighted MR image (600/ 20/2)
obtained on first day after extirpation of a preoperatively nonenhancing low-grade glioma shows no enhancement along the
resection margins, ie, no surgically induced blood-brain barrier
disruption. Dural enhancement, however, of the falx cerebri , is
present.

difficult to distinguish from infiltrating tumor (Fig.
3).
On MR we saw early (ie, occurring up to 3 days
after surgery) formation of methemoglobin in
44 % (30/68) of patients (Fig. 4); the amount of
methemoglobin was usually minimal. We could
differentiate T }-shortening from methemoglobin
and T1-shortening from Gd-DTPA only by comparing unenhanced and enhanced scans. About
20 % of the patients revealed early meningeal
enhancement, usually at the craniotomy site (Fig.
2). Beginning with the second postoperative
week, widespread enhancement occurred along
the resection lines. This type of enhancement
was always more apparent on MR and was nearly
impossible to distinguish from residual tumor
(Figs. 2 and 5). Simultaneously, on MR images,
increasing protein content plus formation of methemoglobin resulted in marked Tl-shortening
within the resection defect (Fig. 6). At this time ,
about 10 % of the patients revealed new, partially
gyriform, enhancement of the adjacent brain parenchyma , especially after temporal lobe resections (Fig. 6). Long-term follow-up taught us that
these lesions were ischemic, since on later scans
they appeared as small cortical infarcts that eventually became isointense with cerebrospinal fluid .
About 2 months after surgery , the "benign,"
linear enhancement had nearly resolved in most
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Fig. 2. Axial enhanced T1-weighted MR image (600/ 20/ 2) obtained preoperatively (A) , on second day (B) , and 2 week s after
extirpation of a glioblastoma (C).
A and B, Intraoperatively , the surgeon did not recognize anterior portion of the tumor, because this portion did not reach brain
surface (arrows). Early postoperative MR clearly delineates residual tumor. On second day after surgery, marked meningeal enhancement
near craniotomy site is already visible (arrowheads in B) .
C, Two weeks after surgery , widespread enhancement along resection lines does not allow distinction of residual tumor from surgicall y
induced enhancement.

patients. In some patients, however, we saw linear
enhancement along the resection lines persisting
up to 6 months after surgery. This phenomenon
was easy to differentiate from enhancing tumor,
since tumor appeared more irregular, nodular, or
mass-like.
Regrowth Pattern of Recurrent Tumor

Table 1 shows the data of the 55 patients
(group C) who were included in the follow-up
study. In 44 of these 55 patients, residual enhancing tumor was visible on MR, while in the
remaining 11 patients no tumor could be seen . A
total of 41 patients had postoperative radiation,
while 14 patients refused to have any additional
therapy. None of the patients was treated with
chemotherapeutic agents.
Table 2 shows the predictive values of residual
tumor. Both the progression-free interval and the
total rate of tumor recurrence were found to
depend significantly on the type of surgery, that
is, gross total versus subtotal or partial resection.
In case of evidence of residual tumor on early
postoperative MR, 75% of the patients developed
progressive disease during follow-up; however,
only 36% of patients developed progressive dis-

ease if there was no MR evidence of residual
tumor. Furthermore, the progression-free interval
doubled in those patients whose early postoperative MR showed no signs of residual tumor. In
about 80% of the patients with enhancement of
residual tumor on early postoperative MR and
progressive disease, tumor regrowth unquestionably arose from these enhancing tumor remnants
(Fig. 7). In the remainder of patients (20 % ), multicentric glioma involving both the primary site
of tumor extirpation and other, more remote
locations developed during follow-up (Fig. 3D).
Only two patients without residual enhancing
tumor seen on the first postoperative MR had
local tumor regrowth; in two other patients of this
group, multicentric gliomas that did not involve
the initial tumor bed developed during follow-up.
Discussion
Glioblastoma multiforme and anaplastic astrocytoma account for at least 35 % of all primary
brain tumors, which translates into 6600 new
cases annually in the United States alone ( 11 ).
The overall survival rate of patients with these
tumors is far from being satisfactory; the 24month mean survival rate for patients with glio-
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Fig . 3. Axial unenhanced (A) and enhanced (B) CT images and axial enhanced Tl-weighted MR image (600/
20/2) obtained on the first day (A-C) and
9 months (D) after ex tirpation of
gliobla stoma.
A and B, On CT it is impossible to
differentiate between tumor enhancement, postsurgical hemorrhage, and hyperperfusi on of the adjacent brain parenchyma. Slight changes in position of the
patient's head during scanning make it
more difficult to compare the unenhanced (A) and enhanced (B) scans; especially on the first day after surgery,
many pati ents do not hold sufficiently
sti ll and are Jess cooperative as during
later follow-up.
C, MR obtained on the same day as
CT clearl y delinea tes residual tumor
masses without artifacts from hemorrhage or hyperperfusion .
D, MR obtained 9 months later shows
a second glioma in the left parieta l lobe.
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blastoma is 8%-12%, while the median postoperative survival time is 8 months (12, 13). One
retrospective study showed a 5-year recurrencefree survival rate of 0 % for patients with glioblastoma multiforme (14). Recent attempts at
improving the median survival were focused primarily on the use of new chemotherapeutic
regimens or different forms of radiation therapy,
with little attention directed towards improving
the surgical part of the treatment plan (2). When

information on the extent of the surgical resection
is given , it is primarily based on the surgeon 's
impression and not on quantifiable, eg, radiologic
criteria . However, to compare their relative usefulness, all therapeutic methods used in a multimodality treatment plan require quantification;
judging their respective therapeutic benefits
should not be based on subjective factors. Thus,
if in the individual patient the results of treatment
of a malignant glioma are to be assessed , the
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Fig. 4. Axial unenhanced CT image
(A) and axial Tl-weighted (600/ 20/ 2)
unenhanced MR (B) obtained on first day
after extirpation of a glioblastoma .
A and B, Corresponding to the blood
clot seen on CT, a hyperintense formation is present at the medial margin of
resection site on MR , representing early
methemoglobin due to the intraoperative
use of H20 2.
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Fig. 5. Axial Tl-weighted MR image (600/20/2) obtained on the first day (A), 2 weeks (B), and 30 months (C) after extirpation of
a glioblastoma.
A , MR shows neither residual enhancing tumor nor surgically induced enhancement along resection lines. The small hyperintense
focus at the anterior margin of the cyst (arrow) was intraoperatively identified as a cortical vein, dislodged and dilated due to surgical
manipulation.
B, Two weeks after surgery, "benign" enhancement occurs along the resection margins.
C, Thirty months after gross total resection, meningeal enhancement (arrows) is still present, but there are no signs of tumor
recurrence.

extent of tumor resection should be determined
radiologically.
Although CT and, more recently, MR have
been used extensively to monitor patients after

·brain tumor surgery, there are problems with this
approach. Perhaps the greatest of these problems
is that the effectiveness of CT and MR is reduced
by the diagnostic difficulty of distinguishing tu-
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Fig . 6. Axial Tl-weighted MR images (600/ 20/ 2) obtained on second day (A) and during second week (Band C) after extirpation
of glioblastoma .
A , Aside from small residual enhancing tumor at the medial margin of resection site, there is marked hypointensity of adjacent
temporal lobe with subtle but definite evidence of parenchymal or vascular contrast enhancement as an early sign of ischemic brain
infarction .
Band C, Two weeks later, Tl-shortening within the resection defect (arrows) probably due to methemoglobin formation and increased
protein content is seen on unenhanced (B) and enhanced (C) MR. Also, there is marked gyriform enhancement of the adjacent temporal
lobe (arrowh ead in C) consistent with ischemic brain infarction.
TABLE 1: Clinical data of the 55 patients with a follow-up time of
more than 6 months after extirpation of glioblastoma (group C)

21 /34
55.1 yr
38.8 wk
35 wk
44/ 11
41 / 14
20/ 55
35/ 55

Sex (male/ female)
A ge
Median foll ow-up time
Median survival time
Residual tumor (yes/ no)
Radiation therap y (yes/ no)
Follow-up time 6-1 2 mo
Follow-up time> 12 m o

TABLE 2: Prognostic value of residual tumor after extirpation of
glioblastoma
rT
Tumor recurrence
Progression free interva l (wk)

33/ 44
15.4

p

No rT

4/ 11
30.6

.003'
.05b

Note. - rT , residual tumor (based o n earl y postoperative MR).
Stati stica l analysis: ' Fisher's Exact test
b Student-Newman-Keuls test

mor enhancement from surgically induced , that
is, non-neoplastic enhancement (6, 8 , 15)_ This
large prospective study to evaluate the natural
history of contrast enhancement and the biologic
significance of residual tumor after glioblastoma
resection was made possible because there exists
an excellent collaboration between the Depart-

ments of Neuroradiology and Neurosurgery at
our institution _The mechanisms underlying postoperative enhancement are not fully understood
but may include local blood-brain barrier disruption, formation of neovascularity, and luxury perfusion (6, 8, 15, 16)_ Several hypotheses have
been advanced to explain both the occurrence
and the evolution over time of contrast enhancement at the resection site_ The development of
granulation tissue observed experimentally in a
canine model appears to parallel most closely the
enhancement pattern seen on CT (15, 17). Hyperemia of the injured brain parenchyma due to
dysautoregulation may play an additional role
(15). Animal experiments and serial CT scanning
after brain tumor resection have shown delayed
contrast enhancement appearing along the operative margins up to 5 days after surgery (6, 15).
Despite these results, which suggested a potential
of CT for postoperative follow-up imaging, CT
did not become widely accepted for examining
tumor patients after surgery. The main problem
of interpreting early postoperative CT is to differentiate tumor enhancement from hemorrhagic
fluid or blood within the area of resection and
hypervascularity of the adjacent parenchyma due
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Fig . 7. A x ial T1-weighted MR im age
(600/ 20/2) obtained preoperati vely (A),
on the first day (B ), 4 months (C) , and
10 m onths (D ) after ex tirpation of glioblastoma .
A and B, Earl y posto perative M R (B)
shows small residual enhancing tumo r at
the m edial m argin of the resection site.
C, Four m onths after surgery and radiation therapy, the residual tumor appears to be smaller but is still clearl y
visible.
D, MR obtained 10 m onths after surgery show s regrowth of the tumor, which
unequivocall y arises from m acroscopi c
tumor remnants.
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to dysautoregulation . This similarity of tumor
enhancement and other, non-neoplastic soft tissue changes was the main reason for the many
equivocal CT scans in our series. While MR is
now routinely used, especially in neurologic disease, no prospective studies evaluating the effectiveness of postoperative Gd-DTPA-enhanced MR
in patients with glioblastoma multiforme have
been done.
A comparison of Gd-DTPA with iodinated contrast agents reveals many similarities but several
important differences. Runge et al (18) suggested

that Gd-DTPA-enhanced MR is more sensitive
than iodinated contrast-enhanced CT in detecting
early disruption of the blood-brain barrier. Based
on a moles per kilogram dose of administered
contrast medium , MR is about 20 times as sensitive to Gd-DTP A as is CT to iodinated contrast
agents. Even minute amounts of enhancing residual tumor should thus be visible on MR , amounts
of tumor that would be invisible on CT.
Because of flow-related phenomena, vascular
enhancement seen on MR differs from vascular
enhancement seen on CT; on MR , large arteries
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do not usually enhance significantly unless there
is pathologic slowing of blood flow (19). Furthermore, the specifics of the contrast enhancement
mechanism of Gd-DPTA, a substance visualized
indirectly by its causing local changes in the
magnetic environment of protons, should minimize the enhancement effect from hypervascularity as seen with iodinated contrast media.
In agreement with its theoretical advantages,
MR did surpass CT in visualizing residual tumor
after glioblastoma resection: in 76% of patients,
residual enhancing tumor was easily detectable
on early postoperative MR images, and diagnostic
difficulties were encountered in only 7% of patients. Because of the characteristic signal
changes due to hemoglobin degradation, differentiating tumor enhancement from postoperative
hemorrhage during the first 4 days after surgery
was easy; during the same period we also saw no
"benign" enhancement related to the surgical
trauma.
In two patients studied with MR in the immediate postoperative period, Elster et a! (9) observed abnormal enhancement of the dura mater
and brain. This is, in part, at variance with our
results, but we do agree with these authors that
meningeal enhancement may be observed shortly
after surgery. In one of the figures in their paper,
contrast enhancement is visible at the resection
site, although it remained unclear after what kind
of surgery this occurred. We consider it essential
to start imaging immediately after contrast injection, or else contrast material might extravasate
along the margins of the incision (9, 20). When
using this technique, we never saw early contrast
enhancement in glioblastoma patients during the
first 4 days, and the same was true for the patients
of our control group with preoperatively unenhancing astrocytomas grade II (WHO). In two patients, who for clinical reasons were scanned on
the fifth postoperative day, we saw beginning
linear "benign" enhancement along the resection
margins.
Unexpectedly, we saw signal changes consistent with the presence of methemoglobin at the
resection site in 44 % of the patients within the
first 4 days after surgery. This differs from the
typical time course of hemoglobin degradation
according to which it takes about 1 week after
acute intracranial hemorrhage for methemoglobin
to form . One reason for this deviation from the
normal sequence of events might be the common
practice of neurosurgeons of using of hydrogen
peroxide (H20 2) for local hemostasis; H20 2 is a
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strong oxidizing agent that considerably accelerates methemoglobin formation . When MR imaging is performed before and after contrast enhancement, it is usually easy to differentiate T1shortening due to residual enhancing tumor from
early methemoglobin formation.
Beginning with the second week after surgery,
extensive linear enhancement is present along
the margins of resection on both CT and MR
scans, and it becomes nearly impossible to distinguish between surgically induced enhancement
and enhancement due to residual tumor. On MR
scans obtained during the second postoperative
week, one faces an additional diagnostic problem:
about 10% of patients develop ischemic lesions
in the brain parenchyma next to the resection
site, especially after temporal lobe surgery. This
may explain the clinical worsening of some patients after surgery. If an early postoperative
baseline MR study is available, one can usually
recognize these ischemic lesions as such and thus
avoid misinterpreting areas of abnormal enhancement as residual or early regrowing tumor. Another diagnostic dilemma characteristic for the
second postoperative week is that blood present
at the resection site now becomes hyperintense
and may thus be difficult to differentiate from
residual enhancing tumor. While, on MR images,
blood becomes more visible during the subacute
stage of hemorrhage, it becomes less apparent
after clot lysis on CT. Elster et al (9) suggested,
therefore, that MR performed during the first
several months after surgery to check for residual
of recurrent tumor must be viewed with scepticism. We agree in so far as it is indeed futile to
start obtaining follow-up scans 2 weeks or later
after surgery. We do think, however, that many
diagnostic difficulties occurring during follow-up
can be avoided if an early postoperative baseline
MR study is obtained. This is true not only with
regard to tumor recurrence but also with regard
to complications of multimodal treatment plans,
complications that might be confused with tumor
recurrence (21).
A remaining problem may be that of meningeal
enhancement. This type of abnormal postoperative enhancement can be visible (usually near the
craniotomy site) on early scans, increases during
the ensuing weeks and months, and tends to
persist for up to 1 year, sometimes even much
longer (9) . Since superficially located glioblastomas are known to invade the meninges (22) ,
postoperative meningeal enhancement may
cause diagnostic problems, for example, distin-
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guishing meningeal spread of the tumor from
surgically induced enhancement. While dural
spread in glioblastoma may occur, we never saw
regrowth of tumor originating from the dura in
our patients.
Although there is general agreement on the
need to obtain a precise pathologic diagnosis of
a malignant brain tumor there are still controversies regarding the extent of the surgical resection
necessary (1, 23-26). A review of cooperative
neuro-oncologic studies shows that 70%-80 % of
the patients were treated by subtotal tumor resection or had only a biopsy (27, 28). When
planning the treatment of glioblastomas, the key
question is whether recurrent tumor arises from
residual tumor tissue or from microscopic tumor
cells left in the surrounding brain parenchyma
(29). Hochberg and Pruitt (30) reported that CT
provides accurate information as to tumor volumes, and that 80% of tumor recurrences occurred within 2.0 em of the initial tumor bed. In
the series of Burger et al (31) some tumors were
relatively discrete, having a rim of microscopic
tissue infiltration extending less than 2 mm beyond the area of contrast enhancement on CT.
Other tumors, however, were highly infiltrative,
especially when neoplastic cells had entered compact fiber pathways (32). The growth patterns of
malignant gliomas are related not only to the
biologic behavior of the tumor cells, but also to
their anatomic environment in the central nervous system. Glioma cells, for example, tend to
invade superficially the pia mater and perivascular spaces and to spread along white matter fiber
tracts, such as those of the corpus callosum and
optic radiation (33). Peritumoral brain edema expands the extracellular space and may thus facilitate migration of invasive tumor cells (34). Unfortunately, when using presently available radiologic imaging techniques, one cannot precisely
define the microscopic margins of residual
glioma. It is equally impossible to distinguish
clearly between tumor and peritumoral edema.
What one calls "edema" should be better described as "tumor plus edema," since tumor cells
may extend beyond abnormally enhancing tissue
as seen in MR (35). Paramagnetic enhancement
marks the site of the blood-brain barrier breakdown, not necessarily the tumor margins, but it
is helpful in distinguishing gross tumor margins
from surrounding edema.
Cerebral gliomas should be treated in the same
way as other neoplasms. The goals of surgery
should be to obtain a histologic diagnosis, reduce
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tumor bulk, improve the neurologic status of the
patient, buy time for other therapies to take
effect, and possibly change tumor kinetics to
make the tumor more sensitive to irradiation and
chemotherapy (2). The fatalism in the surgical
treatment of glioblastoma results from the belief
that early tumor regrowth occurs independent of
the type of resection, usually arising from (microscopic?) remaining tumor cells. Goldsmith (36)
found only a slight increase, from 1.6 months to
3.9 months, in the survival time after gross total
resection as compared to subtotal resection ; however, he did not have available a radiologic baseline scan (CT or MR) showing the actual degree
of resection. Ammirati et al (7) first reported a
significant prolongation of life after gross total
resection, as judged on postoperative CT, in a
small group of patients with glioma grade Ill and
IV. Our findings strongly support the idea of gross
total resection: in nearly 80 % of the patients , we
saw regrowth of the glioblastoma to occur out of
macroscopic tumor rests; there was never tumor
regrowth out of the margins of resection that
showed no enhancement on early postoperative
MR in these patients. In two patients without
evidence of residual tumor on early postoperative
MR, local tumor regrowth did occur, but the
progression-free interval had doubled.
These findings have important therapeutic implications. They suggest, that the aim of surgery
in glioblastoma should be gross total resection. If
functional considerations do not allow sufficiently
aggressive surgery, the first target of adjuvant
therapy should be any tumor rest left behind, as
delineated by early postoperative MR. This opens
an opportunity for stereotactic radiation therapy
with a focused boost on the residual tumor (37)
and could potentially result in a renaissance of
the use of neutron beam irradiation for attacking
tumor cells. If fast neutron beams can be directed
more selectively at the residual tumor , provided
the tumor was localized precisely with CT and
MR, this mode of stereotactic therapy may prove
to be more effective than standard photon therapy (37, 38). Another novel therapeutic approach
might be stereotactically guided application of
liposomes and chemotherapeutic agents into the
neoplastic tissue .
During radiologic follow-up , about 20 % of our
patients had a tumor recurrence seemingly apart
from the resection area (Fig. 3D). This high incidence of multicentric glioma-in the series of
Hochberg and Pruitt (30) , multicentricity occurred
in only 4 % -6 % of patients-is probably related
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to the way we follow our patients radiologically.
These multicentric gliomas, whose occurrence
possibly reflects a high potential of migration of
the malignant cells, probably should be classified
as a secondarily generalized neoplastic disease of
the brain.
In conclusion, effective multimodality treatment of malignant gliomas requires quantification
of all methods used. Thus, it is important to
determine the extent of tumor resection as precisely as possible when assessing the results of
surgery . We propose that postoperative imaging
to look for residual enhancing tumor be performed within the first 3-4 days after surgery,
preferably by using MR. This timing minimizes
diagnostic problems associated with "benign" enhancement related to the surgical trauma . In
contrast to Glantz et al (39), we believe that
positron emission tomography is unnecessary for
distinguishing persistent tumor from postoperative parenchymal changes.
A radical surgical approach, gross total tumor
resection, appears to increase significantly both
length and quality of survival when compared
with a less radical approach (subtotal resection).
Preferential local regrowth provides the rationale
for coned-down volume radiation therapy that
allows to spare much normal brain tissue. With
serial MR, tumor recurrence can be detected
earlier than before. Tumor extent can be defined
better, and our knowledge regarding the biology
of malignant gliomas is likely to grow, particularly
when we start correlating radiologic findings with
the results of neuro-oncologic basic research.

References
I . Nazzaro JM. Neuwelt EA . The role of surgery in the managem ent of
supraten torial interm ed iate and high-grade astrocytomas in adults. J
Neurosurg 1990;73:33 1- 344
2. Shapiro WR , Green SB, Burger PC , et al. Randomized trial of three
chemotherapy regimens and two radiotherapy regimens in postoperative treatment of malignant glioma. J Neurosurg 1989;71 :1-9
3. Winger MJ, Macdona ld DR, Cairncross JG. Supraten torial anaplastic
gliomas in adults. J Neurosurg 1989;71 :487-483
4. Wallner KE, Galicich JH , Krol G, Arbit E. Malkin MG. Patterns of
failure following treatment for glioblastoma multiforme and anaplastic
astrocytoma . lnt J Radiat Oneal Bioi Phys 1989; 16:1405-1409
5. Ciric I, Ammira ti M, Vick N, Mikhael M. Supratentoria l gliomas:
su rgical considerations and immediate postoperative results. Neurosurgery 1987;2 1:21-26
6. Cairncross JG, Pexman JHW , Rathbone MP, DeiMaestro RF. Postoperative contrast enhancement in patients with brain tumor. Ann
Neuro/1985;17:570-57 2
7. Ammirati M . Vick N , Liao Y, Ciric I, Mikhael M . Effect of the extent
of surgical resection on survival and quality of life in patients with
supratentoria l glioblastomas and anaplastic astrocytomas. Neurosurgery 1987;21:201-206

AJNR : 14, January / February 1993

8. Laohaprasit V, Sil bergeld DL, Ojemann GA, Eskridge JM, Winn HR.
Postoperative CT contrast enhancem ent following lobectomy for
epi lepsy. J Neurosurg 1990;73:392-395
9. Elster AD, DiPersio DA. Cranial postoperative site: assessment with
contrast-enhanced MR imaging. Radiology 1990; 174:93-98
I 0. Sze G. New applications of MR contrast agents in neuroradiology.
Neuroradiology 1990;32:421-438
II . Lieberman AN, Foo SH, Ransohoff, Jet al. Long term surviva l among
patients with malignant brain tumors. Neurosurgery 1982; I 0:
450-453
12. Leibel SA, Sheline GE. Radiation therapy for neoplasms of the brain .
J Neurosurg 1987;66: 1-22
13. Ammirati M , Ga licich JH , Arbit E, Liao Y. Reoperation in the treatment
of recurrent intracranial malignant gliomas. Neurosurgery 1987;21:
607-61 4
14. Sheline GE. Conventional radiation therapy of gliomas: recent results.
Cancer Res 1975;51: 125-134
15. Jeffri es BF, Kishore PRS, Singh KS , Ghatak NR , Krempa J . Contrast
enhancement in the postoperative brain. Radiology 1981; 139:
409-413
16. Wakai S, Ando Y, Ochiai C, Inch S, Nagai M . Postoperative contrast
en hancement in brain tumors and intracerebral hematomas: CT
study . J Comput Assist Tomogr 1990;14:267-271
17. Zagzag D, Goldenberg M, Brem S. Angiogenesis and blood-brain
barrier breakdown modulate CT contrast enhancement. AJNR 1989;
10:529-534
18. Runge VM , Clan ton JA, Price AC, et al. Evaluation of contrast
enhanced MR imaging in a brain abscess model. AJNR 1985;6:
325-327
19. Modic M . Advances in contrast-enhanced MR imaging: neurologic
applications . AJR 1991 ; 156:239-245
20. Elster AD , Jackels SC, Allen NS, Marrache RC. Europium-DTPA: a
gadolinium analogue traceable by fluorescence microscopy . AJNR
1989;10:11 37-1144
21. Sa lcman M , Levine H, Rao K. Value of sequential computed tomograph y in the multimodality treatment of glioblastoma multiforme .
Neurosurgery 1981 ;8: 15-19
22. Wilms G, Lammens M , Marchal G, et al. Prominent dural enhancement adjacent to nonmeningiomatous malignant lesions on contrastenhanced MR images. AJNR 1991 ; 12:76 1-764
23. Marshall LF, Jennet B, Langfitt TW . Needle biopsy for the diagnosis
of malignant gliomas. JAMA 1974;228:1417-1418
24. Salcman M , Kaplan RS, Samaras GM, Ducker TB, Broadwell RD .
Aggressive multimoda lity treatment based on a multicompartmental
model of glioblastoma. Surgery 1982;92:250-259
25. Mineura K . Statistical consideration s of therapeutic results in glioblastoma. In: Suzuki J , ed. Treatment of glioma. Tokyo: Springer
Verlag, 1988:17-33
26. Jelsma R, Bucy PC. Glioblastoma multiforme. Arch Neuro/1969;20:
161-171
27. Chang CH , Horton J , Schoenfeld D, et al. Comparison of postoperative
radiotherapy and combined postoperative radiotherapy and chem otherap y in the multidisciplinary management of malignant gliomas.
Cancer 1983;52:997 -I 007
28. Green SB, Byar DP, Walker MD, et al. Comparison of ca rmustine,
procarbazine and high-dose methylprednisolone as additions to surgery and radiotherapy for the treatment of malignant glioma. Cancer
Treat Rep 1983;67 :1 21-132
29. Bashir R, Hochberg F, Oot R. Regrowth patterns of glioblastoma
multiforme related to planning of interstitial brachytherapy radiation
fields. Neurosurgery 1988;23:27 - 30
30. Hochberg FH , Pruitt A. Assumptions in the radiotherapy of glioblastoma . Neurology 1980;30:907-911
31. Burger PC, Heinz RE, Shibata T , Kleihues P. Topographic anatomy
and CT correlations in the untreated glioblastoma multiforme. J
Neurosurg 1988;68:698-704

AJNR: 14, January / February 1993

GLIOBLASTOMAS: POSTSURGICAL CT -MR

87

32. Burger PC, Dubois PJ , Schold SC , et al. Computerized tomographic
and pathologic studies of the untreated, quiescent, and recurrent
glioblastoma multiforme. J f'leurosurg 1983;58: 159-169
33. Scherer HJ. Forms of growth in glio mas and their practica l significance. Brain 1949;63: 1- 35
34. Ohnishi T , Arita N, Haya k awa T , lzumoto S, T aki T , Yama moto H.
Motility fac tor prod uced by malignant glioma cells: role in tumor

36. Goldsmith MA. Glioblastoma mu ltiforme: a review of therapy. Cancer
Treat Rep 1974; 1: 153-165
37. Shaw CM, Sumi SM. A lvord EC, Gerdes AJ, Spence A. Parker RG.
Fast-neutron irradiation of glioblastoma mu ltiform e. J f'leurosurg

invasion. J f'le urosurg 1990;73:881-888
35. John son PC , Hunt SJ, Drayer BP. Human cerebral gliomas: correlation

14:443-461
39. Glantz MJ, Hoffman JM, Coleman E. Identification of early recurrence
of primary central nervous system tumors by 18F Fluorodeoxyg lu cose positron em ission tomography. Ann f'leuro/1991 ;29:347-355

of postmortem MR imaging and neuropathologic findings. Radiology
1989;170:211-217

1978;49: 1-12
38. Graffman S, Haymaker W, Hugosson R, et al. High-energy protons in
the postoperative treatment of ma lignant glioma. Acta Radio/ 1975;

