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Delineation of Gliomas with Various Doses of MR Contrast Material

William T. C. Yuh, Hoang D. Nguyen, E. Turgut Tali, Nina A. Mayr, David J. Fisher, Scott W. Atlas, Mark C. Carvlin,
Burton P. Drayer, Steven R. Pollei, Val M. Runge, and Gordon K. Sze

PURPOSE: To examine the effects of different gadolinium doses on the delineation of gliomas,
particularly the demonstration of abnormal enhancement on T1-weighted images extending beyond
the zone of apparent signal abnormality on corresponding T2-weighted images. METHODS: During
phase Il clinical trials of gadoteridol, 23 patients with pathologically proved gliomas were studied
by MR with various doses of gadoteridol, ranging from 0.05 to 0.3 mmol/kg. RESULTS: All of
the gliomas were readily detected by T2-weighted images. Twelve of 23 patients demonstrated
enhancement on T1-weighted images extending beyond the zone of apparent signal abnormality
demonstrated on T2-weighted images. These findings were seen in none of the six patients (0%)
studied at 0.05 mmol/kg, one of five patients (20%) studied at 0.1 mmol/kg, four of five patients
(80%) studied at 0.2 mmol/kg, and seven of seven patients (100%) studied at 0.3 mmol/kg.
CONCLUSIONS: The detection of symptomatic gliomas does not require a contrast agent because
they are generally large and readily demonstrated on T2-weighted images. However, the area of
postcontrast enhancement of gliomas seems to be greater with higher doses of contrast agent.
The cause of the abnormal enhancement extending beyond the zone of apparent signal abnormality
on T2-weighted images seen in this limited study is unknown and probably represents tumor
infiltration. The frequency of detection of such findings appears to be proportional to the dose of

contrast material used.
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Histologically, gliomas as a group demonstrate
heterogeneity and variability in extent, geometry,
and peripheral infiltrating margins (1). On con-
trast-enhanced computed tomographic exami-
nations, gliomas typically show areas of enhance-
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ment surrounded by vasogenic edema (2-5). Sim-
ilarly, on magnetic resonance (MR) imaging with
a 0.1 mmol/kg dose of contrast material, tumor
enhancement tends to be localized within the
zone of apparent signal abnormality demon-
strated on T2-weighted images (zone of T2-
weighted abnormality) (2,6-9). It is well known
that gliomas can be found in the areas where the
brain parenchyma shows normal radiologic find-
ings. Stereotactic biopsy or postmortem correla-
tion of gliomas has proved that computed to-
mography with an iodinate agent or MR with a
standard dose (0.1 mmol/kg) of gadopentetate
dimeglumine (Magnevist, Berlex Laboratories,
Wayne, NJ) may fail to delineate the extent of
involvement (3,4,10-13). Although some gliomas
occasionally show no enhancement, other radio-
graphic abnormalities, such as tumor heteroge-
neity, hemorrhage, border definition, cysts, ne-
crosis, and mass effect, may suggest high-grade
glioma. It should also be said that, conversely,
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some very low-grade gliomas (such as pilocytic
astrocytoma) enhance deeply. The purpose of
this study was to investigate whether the dose of
MR contrast agent has an effect on the enhance-
ment of gliomas, specifically on the demonstra-
tion of extension of abnormal enhancement be-
yond the zone of T2-weighted abnormality. It is
important to define the tumor by imaging be-
cause doing so may affect management deci-
sions, such as whether to extend the surgical
margins or place radiation ports to cover all of
the tumor.

Materials and Methods

We retrospectively reviewed the MR scans of 80 patients
with possible intracranial tumors evaluated during the mul-
ticenter phase Il clinical trial of the MR contrast agent
gadoteridol (ProHance, Squibb Diagnostics, Princeton, NJ),
gadolinium 1,4,7-tris(carboxylmethyl)-10-(2'-hydroxypro-
pyl)-1,4,7,10-tetraazacyclododecane. Fifteen patients had
metastases, and 65 had other intracranial lesions. Forty-
two of the 65 patients were excluded because the lesions
were not gliomas (they were acoustic neurinomas, menin-
giomas, pituitary adenomas, and others) or because of
postsurgical studies, lack of enhancement after contrast
material administration, or no definite diagnosis. Thus, 23
patients with pathologically confirmed gliomas and MR
examinations demonstrating enhancement constituted the
study population.

All examinations followed strict protocol approved by
the Federal Drug Administration and the Human Subject
Committee. Of the 23 patients with gliomas, six received
0.05 mmol/kg gadoteridol, five received 0.1 mmol/kg, five
received 0.2 mmol/kg, and seven received 0.3 mmol/kg.
Imaging protocol included precontrast axial T1-weighted
(600-750/20-30/1-2 [repetition time/echo time/excita-
tions]), T2-weighted (2000-3000/90-100/1-2), and proton
density-weighted (2000-3000/30-35/1-2) images using
0.5-T Vista (Picker International, Highland Heights, Ohio),
1.5-T (Signa, GE Medical Systems, Milwaukee, Wis), and
1-T or 1.5-T (Magnetom, Siemens, Erlangen, Germany)
superconductive scanners. Section thickness ranged from
5 mm with a 50% gap on the 1.5 T scan to 10 mm without
a gap. Additional pulse sequence or image planes were not
required, but were frequently available. After intravenous
contrast administration, T1-weighted images (same param-
eters including position as those of precontrast images)
were obtained immediately and after a delay of 15 to 30,
30 to 45, and 45 to 60 minutes. The postcontrast images
that demonstrated the greatest areas of enhancement were
used for the study.

T2-weighted and contrast-enhanced T1-weighted MR
studies of each patient were reviewed independently by
four radiologists (E.T.T., F.G., H.D.N., and W.T.C.Y.). The
patient’s clinical findings and the doses of contrast agent
used were unknown to the reviewers. The size of the lesion
was manually traced and recorded on the T2-weighted
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images and contrast-enhanced studies independently. The
extent of involvement demonstrated by T2-weighted im-
ages in each lesion was then compared with that demon-
strated by contrast-enhanced T1-weighted images. To in-
crease the confidence of interpretation, because of the
variation in image quality and availability of image planes
among the studies, we considered abnormal enhancement
to extend beyond the zone of T2-weighted abnormality
when extension of abnormal enhancement exceeded at
least 10 mm beyond the zone of T2-weighted abnormality,
and all four reviewers came to the same conclusion. Addi-
tionally, the histopathologic grades of the tumors were
reviewed to determine whether there was any relationship
between the tumor grade and the detection of enhancement
beyond the areas of abnormality on T2-weighted imaging.

Results

No adverse effects were observed in any of the
80 patients with doses up to 0.3 mmol/kg gado-
teridol. Extensive laboratory blood chemistry
tests revealed no abnormality related to the injec-
tion of gadoteridol, as previously reported (14).
All patients had a detectable lesion on T2-
weighted images before the injection of the con-
trast agent. The abnormalities (including vaso-
genic edema) demonstrated on T2-weighted im-
ages were larger than the area with abnormal
contrast enhancement in all lesions. The center
of abnormal enhancement was always located
within the zone of T2-weighted abnormality.
However, in 12 of the 23 patients with gliomas,
subtle but definite enhancement extended be-
yond the zone of T2-weighted abnormality at the
periphery of the tumor, whereas 11 showed the
area with abnormal enhancement to be located
entirely within the boundaries of the zone of T2-
weighted abnormality (Fig 1, 2, and 3). None of
the six patients (0%) receiving 0.05 mmol/kg
gadoteridol, one of five patients (20%) receiving
0.1 mmol/kg, four of five patients (80%) receiv-
ing 0.2 mmol/kg, and seven of seven patients
(100%) receiving 0.3 mmol/kg showed one por-
tion of the periphery with abnormal enhancement
at least 1 cm beyond the zone of T2-weighted
abnormality. These 12 lesions that extended be-
yond the T2-weighted image boundaries included
eight glioblastomas multiforme, three astrocyto-
mas, and one ganglioglioma. Maximum enhance-
ment after injection usually occurred at 30 min-
utes (immediately for one patient, at 15 minutes
for two, at 30 minutes for nine, and at 45 minutes
for one). The only glioma that showed maximum
enhancement on the immediate image was stud-
ied with a higher dose (0.3 mmol/kg). Although
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lesions showed increased signal intensity on de-
layed images (30 minutes), there was no increase
in frequency, by delayed imaging, in the detection
of abnormal enhancement beyond the zone of
T2-weighted abnormality regardless of the dose
used. There was no consistent relationship be-
tween the detection of abnormal enhancement
beyond areas of T2 signal changes and tumor
grade. The histology of this series was dominated
by glioblastoma multiforme, which when studied
with high-dose gadoteridol showed enhancement
beyond areas of T2 signal changes. However,
enhancement beyond the areas of T2 signal ab-
normality were also observed in lower grade
gliomas (astrocytoma and ganglioglioma) studied
with both high and standard doses.

Discussion

MR is the imaging modality of choice in the
evaluation of central nervous system (CNS) tu-
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Fig. 1. A, Axial T2-weighted image
(2500/80/1) shows abnormal signal in the
parietal lobe (arrow) and corona radiata (ar-
row) of the right hemisphere. No signal ab-
normality is noted in the region of the corpus
collusum (large arrow).

B, Postcontrast T1-weighted image ob-
tained immediately after intravenous injec-
tion of 0.1 mmol/kg gadoteridol shows ab-
normal enhancement extending into the re-
gions of normal signal intensity including the
corpus callosum (large arrow) and possibly
the coronal radiata (small arrows). The pa-
rietal region with abnormal signal intensity
noted in A shows no evidence of enhance-
ment.

Fig. 2. Axial T2-weighted images (2500/
100/1) from cranial (A) to caudal (B) show
abnormal signal change in the right tempo-
parietal region. In retrospect, there is very
slight hyperintensity in the right occipital
region (arrows) relative to the left.

C,D, Postcontrast T1-weighted images
(C,D) corresponding to A and B, obtained
immediately after intravenous injection of
0.2 mmol/kg gadoteridol, show areas with
abnormal enhancement in the right occipital
lobe (arrows) without associated T2 signal
changes.

mors. A drawback of the noncontrast MR imaging
is the inability to differentiate peritumor vaso-
genic edema from the tumor based on T1- and
T2-weighted images (2,6-9). Although T2-
weighted imaging is sensitive to pathologic
changes in water content in the brain paren-
chyma, the subtle differences in the signal inten-
sity of the tumor and vasogenic edema cannot
be differentiated reliably using standard pulse
sequences. However, with the application of
standard-dose contrast agent (0.1 mmol/kg ga-
dopentetate dimeglumine), tumor, particularly
metastatic, can be better differentiated from per-
itumor edema (2,6-9,15). Like ours, these studies
using the dose of 0.1 mmol/kg have shown that
the lesion size detected by T2-weighted images
(lesion plus vasogenic edema) is typically larger
than the area with abnormal enhancement, and
the area of abnormal enhancement is usually
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A

Fig. 3. Axial T2-weighted (2000/80/1) images from cranial (A) to caudal (B) show
periventricular abnormal signal in the right hemisphere. No apparent abnormality was
noted in the splenium of the corpus callosum and subadjacent brain parenchyma (arrow)

posterior to the corpus callosum.

C,D, Postcontrast T1-weighted images, corresponding to A and B, obtained imme-
diately after intravenous injection of 0.3 mmol/kg gadoteridol, show abnormal enhance-
ment in the right periventricular region where abnormal signal change was observed on
T2-weighted images. However, abnormal enhancement (arrows) also is noted in the
corpus callosum and adjacent brain parenchyma, where no apparent signal abnormality
was noted on the T2-weighted images. The enhancement of the septum pellucidum
and along the walls of the lateral ventricles most likely represents the spread of tumor

along the white matter tracts.

located within the zone of T2-weighted abnor-
mality.

Recent studies, however, have shown that both
computed tomography and MR studies without
or with conventional contrast agents and standard
doses (0.1 mmol/kg) may not always be able to
delineate the true extent of involvement of pri-
mary CNS tumors, particularly gliomas (3,4,10-
13). These studies showed that some gliomas
may infiltrate beyond the margins of vasogenic
edema and enhancement on contrast-enhanced
computed tomographic images and the zone of
T2-weighted abnormality on MR images. Using
stereotactic biopsies, Greene et al (10), Kelly et
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al (11), and Earnest et al (3) found malignant
astrocytomas outside the zone of T2-weighted
abnormality. Kelly et al (11) also reported grade
II and Ill astrocytomas in half of the specimens
obtained outside the zone of T2-weighted abnor-
mality. In a study correlating postmortem MR
imaging and neuropathologic findings of glioblas-
toma multiforme, Johnson et al (12) showed that
tumor cells without edema were infiltrating 3 to
5 cm beyond the abnormality demonstrated on
T2-weighted images. This finding was generally
thought to be related to the infiltrative, rather
than expansive, growth of some gliomas that may
not exhibit associated vasogenic edema.
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Local growth and spread of primary CNS tu-
mors are dependent on the cell type, location,
and surrounding brain structures. Russell and
Rubinstein (1) demonstrated that the local spread
of ependymomas, pineocytomas, and choroid
plexus papillomas is by expansion rather than
infiltration, except in the malignant counterparts.
Oligodendrogliomas, astrocytomas, cerebellar as-
tocytomas, cerebral neuroblastomas, and glio-
blastomas may be well circumscribed grossly,
but exhibit various degrees of infiltration micro-
scopically, although this zone of proliferation is
frequently narrow. Cerebral and brain stem astro-
cytomas as well as gliomas of the anterior optic
pathway typically exhibit diffuse infiltrative
growth (1). Matsukado et al (16) showed that
25% of primary gliomas do not form a definite
mass or destruct preexisting tissues. Without a
definite tumor mass, sufficient tumor density per
voxel, vasogenic edema, and contrast enhance-
ment from the infiltrating tumor, the exact border
of the tumor may be difficult to demonstrate by
standard-dose MR examinations.

Although it is known that the signal intensity
(and lesion conspicuity) of CNS lesions increases
proportionately with the dose of MR contrast
agent (17,18), it is commonly accepted that the
standard dose (0.1 mmol/kg) is adequate for
evaluating brain lesions. In our study, gliomas
evaluated with higher doses of contrast did show
a higher frequency of abnormal enhancement
beyond the zone of T2-weighted abnormality. It
is possible that the tumor located beyond the
zone of T2-weighted abnormality in the studies
reported by Greene et al (10), Kelley et al (11),
Johnson et al (12), and Earnest et al (3) may be
better delineated using higher doses of contrast
agent, as seen in our study. This is probably
related to the improved lesion signal or lesion
contrast by the higher dose of contrast agent.
Those areas of tumor involvement not demon-
strated by T2-weighted and/or standard-dose
contrast MR images may have a better chance
of being detected by a higher dose of contrast
material.

The cause of tumor enhancement without as-
sociated vasogenic edema is unknown. Although
it has been shown that the use of a contrast agent
can detect a breakdown in the blood-brain barrier,
even without the associated vasogenic edema,
particularly in small lesions in the cortical and
subcortical region (19,20), it is generally thought
that the development of vasogenic edema and
contrast enhancement are coexistent and related
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to the breakdown of the blood-brain barrier,
which allows contrast agents as well as water,
protein, and other substances to penetrate the
extracellular space (3). Theoretically, if there is a
break in the blood-brain barrier, water molecules,
which are small, should be able to escape from
the intravascular space into the brain interstitium
much more easily than much larger-sized contrast
molecules such as gadopentetate dimeglumine or
gadoteridol. This may explain why the extent of
vasogenic edema is usually larger than the area
of contrast enhancement.

Our finding of greater enhancement in areas
without abnormal T2 signal changes in large
gliomas located in both the peripheral and deep
white matter using higher contrast doses is dif-
ferent from the typical findings of CNS tumors
and is difficult to explain without using animal
models. Our results, however, cannot be ex-
plained fully by the frank disruption of the blood-
brain barrier alone, in which excess water should
leak out more easily into the brain interstitium
than contrast agent, especially in the deep white
matter (20). The difference in the enhancement
pattern between gliomas (without signal abnor-
mality on T2-weighted images) and other tumors
(with significant amount of edema), such as me-
tastases, requires further investigation. We spec-
ulate that this phenomenon may be related in
part to the difference in the degree of integrity of
the blood-brain barrier within various portions of
the glioma (1,21) and between gliomas, as well
as to metastasis and the inflammatory reaction
of the surrounding brain tissue (22).

Although the degree of enhancement generally
is proportional to the degree of anaplastic ele-
ments in gliomas (3,21), occasionally high-grade
gliomas show little or no enhancement (5,21),
whereas some low-grade gliomas show intense
enhancement (3). In addition, more anaplastic
elements or poorly differentiated cells are usually
found in the center of high-grade gliomas,
whereas their peripheries contain better differen-
tiated cells (1,21). Therefore, it is possible that
the degree of blood-brain barrier breakdown in
various gliomas and even in different portions of
the same glioma may not always be the same.
The peripheral portion of the glioma may have a
more intact blood-brain barrier with better differ-
entiated cells than the central portion. The degree
of leakage of contrast agent, therefore, may be
less in the periphery and may require a higher
dose of contrast agent to be appreciated (1,5).
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In addition, the growth of brain tumors relies
on the development of a new blood supply (neo-
vasculature) to satisfy the nutrient requirement.
The development of neovasculature within brain
parenchyma is dependent on angiogenesis factors
from the original tumoral cells, primary or met-
astatic (1). The neovasculature of brain metas-
tases with primary sites outside the CNS, such as
breast, lung, or colon, is likely to be a “non-CNS”
vessel that does not have a highly selective barrier
like the blood-brain barrier. Therefore, brain me-
tastases more likely will demonstrate intense en-
hancement within the zone of T2-weighted ab-
normality because of the near-complete absence
of the blood-brain barrier. Conversely, angiogen-
esis factors from primary CNS tumors such as
gliomas are likely to give rise to neovasculature
of neural origin that may exhibit some properties
of the blood-brain barrier. Therefore, in the pri-
mary tumor, we can speculate that the blood-
brain barrier may be intact, partially intact, or
completely disrupted. The degree of leakage of
contrast material into the extracellular space in
gliomas may not always be the same and possibly
less than that in metastatic non-CNS tumors.

The lesser degree of inflammatory reaction
associated with gliomas than with metastasis also
affects the pattern of contrast enhancement. CNS
metastases are heterogeneous in relation to the
brain parenchyma and usually have rapid growth
within a short period of time. Therefore, they
tend to induce a greater amount of inflammatory
reaction, which results in the breakdown of the
blood-brain barrier and vasogenic edema (22).
Gliomas usually grow slowly over a long period
of time and infiltrate a long distance without
inducing a significant inflammatory reaction or
vasogenic edema (1,16).

In our study, the area of enhancement beyond
the zone of T2-weighted abnormality was greater
in high-dose examinations than in standard- and
low-dose examinations. The mechanism for en-
hancement beyond the zone of T2-weighted ab-
normality in gliomas with high doses of contrast
agent is not known, although a previous study
showed that the accumulation of contrast mate-
rial is dependent on the concentration of contrast
agent used (18) and the imaging time after con-
trast administration (7,23) in addition to the
breakdown of the blood-brain barrier with an
intact vascular supply to the tumor. It is clear
that the observation that we made in this study
cannot be fully explained by the breech in the
blood-brain barrier alone. Rather, it may also be
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related to local blood pooling in the intravascular
space, retention of contrast agents by neoplastic
cells, or passage of contrast into the extravascular
space caused by the fenestrated neocapillaries.
Although all gliomas studied with high-dose ex-
amination showed enhancement extended be-
yond the zone of T2-weighted abnormality, we
do not believe that these findings will always be
observed in a large series, because some high-
grade gliomas may have completely intact blood-
brain barrier and, therefore, will not show en-
hancement even with a higher dose. Similarly,
despite a greater area of enhancement, it may
not always be possible to outline the extent of
involvement, because the MR examination, even
with the high dose, has its limited resolution and
cannot detect microscopic tumors.

In conclusion, our study with a small number
of patients showed that the abnormal enhance-
ment beyond the zone of T2-weighted abnormal-
ity is seen more frequently with high-dose ex-
aminations. The underlying pathophysiology of
our findings remains unclear, although we spec-
ulate that the increased contrast pooling of higher
doses of contrast agent in the intravascular space
of the glioma with a partially intact blood-brain
barrier may be the explanation for abnormal
enhancement without associated T2-weighted
signal abnormality.
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