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BACKGROUND AND PURPOSE: The association of high-grade oligodendrogliomas with
tumor contrast material enhancement on MR images has been reported. Some authors have
even used contrast enhancement as a criterion for their oligodendroglioma grading system. The
purpose of our study was to evaluate if tumor contrast enhancement is a specific finding for
anaplastic oligodendroglioma.

METHODS: Pretreatment MR images of 24 oligodendrogliomas were reviewed retrospec-
tively, and findings were compared with the histologic grade. The presence or absence and the
pattern of tumor contrast enhancement were evaluated qualitatively. A contrast enhancement
ratio (CER), a quantitative criterion, was calculated to assess the difference in degree of
enhancement between the low-grade and anaplastic tumors. Tumor grade was diagnosed at
pathologic examination according to the World Health Organization classification system.

RESULTS: Contrast enhancement was noted in nine (56%) of 16 low-grade tumors and in five
(62%) of eight anaplastic tumors. A characteristic enhancement pattern, nodular-like enhance-
ment, was found in eight tumors. The CERs were 2.12–40.88 (mean, 20.08) in low-grade tumors
and were 3.20–62.52 (mean, 28.73) in anaplastic tumors (P > .05).

CONCLUSION: Tumor contrast enhancement was not statistically significantly different
between the tumor groups. We believe that the presence or absence of tumor contrast enhance-
ment is not a specific finding for simply discriminating low-grade from anaplastic oligoden-
drogliomas. Histologic confirmation is necessary even in tumors without contrast enhancement.

Oligodendrogliomas are uncommon primary intra-
cranial tumors, but may be the second most common
glioma in adults after glioblastoma multiforme (1).
According to the World Health Organization (WHO)
classification, they are divided into two groups: low
grade (WHO II) and high-grade or anaplastic (WHO
III) (1, 2). Some reports have demonstrated the as-
sociation of anaplastic oligodendrogliomas with tu-
mor contrast material enhancement on CT or MR
images (3–6). Furthermore, some authors even use
contrast enhancement as a grading system criterion
that designates two grades: absence of endothelial
hyperplasia and absence of contrast enhancement in-

dicates low grade, and presence of endothelial hyper-
plasia and/or presence of contrast enhancement indi-
cates high grade (7). In our practice, however, MR
imaging frequently shows nonenhancing anaplastic
oligodendrogliomas (WHO III). We therefore hy-
pothesized that the presence of tumor contrast en-
hancement is not a specific finding for anaplastic
oligodendrogliomas. To verify this hypothesis, we ret-
rospectively reviewed the MR images in patients with
oligodendrogliomas and compared the tumor con-
trast enhancement on the preoperative MR images
with tumor histologic grade according to the WHO
classification.

Methods

The study population consisted of 23 consecutive patients
(12 male and 11 female patients; age range, 15–72 years; mean
age, 38.8 years) with 24 oligodendrogliomas who underwent
pretreatment MR imaging at the University of Iowa from 1993
to 2002.

MR imaging was performed at 1.5 or 1.0 T. T1-weighted
spin-echo (SE) images were obtained with TR of 466–600 ms,
TE of 14–20 ms, and imaging matrix of 192 � 256. T2-weighted
fast SE images were obtained with TR of 2000–5266 ms, TE of
80–105 ms, and imaging matrix of 256–512 � 160–308. Ap-
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proximately 10 minutes after injection of gadopentetate dime-
glumine (0.1 mmol/kg of body weight, Magnevist; Princeton,
NJ), postcontrast T1-weighted SE images were obtained in the
same plane as used for the nonenhanced images. All sequences
had the following parameters: section thickness, 5.0 mm; sec-
tion gap, 2 or 2.5 mm; and field of view, 180 � 240 mm.

All 24 tumors were confirmed at pathologic examination by
either resection (n � 19) or biopsy (n � 5). For histologic
observations, formalin-fixed paraffin-embedded sections were
stained with hematoxylin-eosin. These sections were reviewed
by a board-certified neuropathologist (P.K.) without knowl-
edge of the MR findings. Sixteen oligodendrogliomas were
low-grade and eight were anaplastic according to the WHO
classification system (Table 1). Low-grade oligodendrogliomas
(WHO II) have even cellularity and little nuclear pleomor-
phism. There is no necrosis, endothelial proliferation, or mi-
totic activity. They may show microcystic areas. Anaplastic
oligodendrogliomas (WHO III) are defined by increased cel-
lular density and pleomorphism with endothelial proliferation,
vascular proliferation, mitotic activity, and necrosis (1, 2).

The MR images of these patients were evaluated in confer-
ence by two radiologists (M.L.W. and Y.Z.) with knowledge of
the diagnosis of oligodendrogliomas but without knowledge of
the histologic grade. The radiologists reached a consensus
regarding the presence or absence and the pattern of tumor
contrast enhancement. For the pattern of tumor enhancement,
homogeneous or inhomogeneous enhancement, complete or
partial enhancement, and the presence or absence of nodular-
like enhancement were evaluated. To minimize the visual mis-
judgment in evaluating tumor enhancement, the precontrast
and postcontrast images were windowed and leveled identi-
cally. Also, we tried varying windows and levels in reviewing the
images to obtain the best qualitative evaluation.

In 12 oligodendrogliomas (six low-grade and six anaplastic)
for which MR images were available digitally, contrast en-
hancement ratios (CERs) were calculated to evaluate the dif-
ference in the degree of enhancement between the low-grade
and anaplastic tumors. The calculation formula used was (S
–S0) � 100/S0, where S is the average signal intensity of the
region of interest that shows the greatest enhancement visually
on the postcontrast T1-weighted SE image. In tumors without
visible contrast enhancement, a region of interest was placed
on a solid part of the tumor. S0 is the average signal intensity of
the region of interest obtained on the precontrast T1-weighted
SE image. Three tumors with digital images were not included
in calculating the CER, because they were confirmed to be
low-grade oligodendrogliomas only by biopsy. Without a com-
plete histologic evaluation in these three tumors, we could not
exclude the possible presence of a high-grade component.

The paired t test was used to asses associations between the
CERs and histologic grades. The sensitivity, specificity, positive
predictive value, and negative predictive value were calculated
by using MR contrast enhancement for discriminating anaplas-
tic oligodendrogliomas from low-grade oligodendrogliomas.

The MR images were also analyzed with regard to tumor
size (the largest diameter), signal intensity heterogeneity (in-
homogeneous signal intensity on T1- and/or T2-weighted im-
ages) of tumor, and definition of tumor margin (sharp or
fuzzy). The tumor margin was defined as the outermost bound-

ary of the tumoral area demonstrating high signal intensity on
T2-weighted fast SE images.

All the features of MR imaging mentioned above were
compared with the histologic grade of the tumors. Presence or
absence of increased neovascularity was evaluated at patho-
logic examination and compared with tumor enhancement.
Given the possibility of sampling error in biopsies, the four
low-grade oligodendrogliomas proved only with biopsy were
not included in the comparison between tumor enhancement
and histologic grade. Because resected specimens were not cut
in the exact same plane as those of MR images, comparison of
pathologic descriptions by the pathologist with image findings
on a site-to-site basis could not be obtained.

Results
MR contrast enhancement of tumor was noted in

14 (58%) of 24 tumors. Of 12 low-grade tumors
proved by resection, six (50%) showed contrast en-
hancement. Of eight anaplastic tumors, five (62%)
showed contrast enhancement (Table 2). Another
four low-grade tumors, in which three showed con-
trast enhancement, were proved only by biopsy and
were not included in the comparison between the
enhancement and the tumor grade. MR contrast en-
hancement for descrimating anaplastic oligodendro-
gliomas from low-grade oligodendrogliomas resulted
in a sensitivity of 63%, specificity of 50%, positive
predictive value of 45%, and a negative predictive
value of 67%.

The contrast enhancement pattern of the tumors
on postcontrast T1-weighted SE images revealed in-
homogeneous and total tumor enhancement in five,
and partial tumor enhancement in nine. In six re-
sected low-grade tumors that were enhanced, one
showed inhomogeneous and total tumor enhance-
ment and five demonstrated partial enhancement. In
five enhanced anaplastic tumors, two showed inho-
mogeneous and total tumor enhancement and three
demonstrated partial enhancement.

Eight of the 14 enhanced tumors had nodular-like
enhancement. In comparison with tumor histologic
grade, the nodular-like enhancement was found in
three of six enhanced low-grade tumors proved by
resection and four of five enhanced anaplastic tu-
mors. The remaining tumor with the nodular-like
enhancement was a low-grade tumor proved only by
biopsy. In three of four anaplastic tumors with nod-
ular-like enhancement, histologic examination re-
vealed that there were similar nodular-like areas
showing higher cell density, neovascularity, and ne-
crosis (Fig 1). In another anaplastic tumor with nod-
ular-like enhancement, histologic study showed an

TABLE 1: Histologic classification of oligodendrogliomas

Type of Specimen

Tumor Grade

TotalLow-grade Anaplastic

Biopsy 4 1 5
Resection 12 7 19
Total 16 8 24

TABLE 2: Contrast enhancement in oligodendrogliomas

Tumor Grade Enhancement* No Enhancement

Anaplastic (n � 8) 5† (3) 3
Resected low-grade (n � 12) 6 (1) 6‡

* Numbers in parentheses are the number of tumors with increased
neovascularity.

† Sensitivity is 63%.
‡ Specificity is 50%.
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uncertain nodular-like area with variable cellularity.
However, all these histologic findings were not com-
pared with nodular-like enhancement on a site-to-site
basis. In the three low-grade tumors with nodular-like
enhancement, no definite nodular-like areas with
higher cell density, neovascularity, and/or necrosis
were found at histologic examination.

As to degree of contrast enhancement, the mean
CER was 20.08 in six resected low-grade tumors and
28.73 in six anaplastic tumors (P � .05) (Table 3). The
CER of one tumor was only 2.12. Histologic exami-
nation revealed it to have even cellularity and little
nuclear pleomorphism. No mitosis was found. All
these were consistent with histologic findings of low-
grade oligodendroglioma. However, in the other two
tumors with similar low CERs (3.20 and 5.82, respec-
tively), histologic examination showed findings of
anaplastic oligodendroglioma, such as increased cel-
lular density, pleomorphism, mitosis, and so forth
(Fig 2). However, in one tumor with a higher CER of

40.88, no malignant finding was noted at histologic
examination (Fig 3).

In 12 low-grade tumors proved by resection, only
one tumor that partially enhanced on MR images had
increased neovascularity at histologic examination. In

FIG 1. Anaplastic oligodendroglioma obtained in a 28-year-old man.
A, Axial T2-weighted (3588/99 TR/TE) fast SE image shows a high-signal-intensity mass in the left frontal lobe.
B, Axial T1-weighted (540/14) image shows that the mass has low signal intensity.
C, Axial contrast-enhanced T1-weighted (540/14) image shows nodular-like enhancement within the mass.
D, Photomicrograph of the specimen (hematoxylin-eosin stain; original magnification, x25) shows a nodular area that has the

high-grade features consisting of high cellularity and nuclear hyperchromasia; however, this is not a specifically sampled area of the
nodular-like enhancement on the T1-weighted image. Note the area of necrosis (arrows).

E, Photomicrograph of the specimen (hematoxylin-eosin stain; original magnification, x25) shows the area that has the relatively
low-grade features, such as even cellularity and little nuclear pleomorphism. No necrosis is present.

TABLE 3: CERs for 12 oligodendrogliomas

Low-Grade (n � 6) Anaplastic (n � 6)

2.12 3.20
17.24 5.82
17.77 15.86
17.87 38.35*
24.58 46.63†

40.88 62.52*
20.08‡ 28.73‡

* Tumors with increased vascularity.
† This tumor was proved only by biopsy; all others were proved by

resection.
‡ Mean CER of each tumor group.
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this tumor, the CER was not calculated since a digital
MR study was not available. In five anaplastic tumors
with contrast enhancement on MR images, three tu-
mors had increased neovascularity (Table 2; Fig 4).
The other three anaplastic tumors that did not en-
hance on MR images showed no increased neovascu-
larity. When comparing the neovascularity with the
measured CERs, we found that two anaplastic tumors
with increased neovascularity had the higher CERs
(38.35 and 62.52, respectively). In another anaplastic
tumor with increased neovascularity, digital images
were not available. An anaplastic tumor in which the
CER was 46.63 showed no increased neovascularity,
but it was proved only by biopsy (Table 3).

The 12 resected low-grade tumors ranged from 0.7
to 7.5 cm (mean, 5.1 cm) and the eight anaplastic
tumors from 2.0 to 9.0 cm (mean, 6.28 cm) in maxi-
mum diameter. With regard to signal intensity heter-
ogeneity of tumor, six of the 12 resected low-grade
tumors were inhomogeneous on either T1-weighted
SE images or T2-weighted fast SE images. Among the
eight anaplastic tumors, five and seven were inhomo-
geneous on T1-weighted SE images and T2-weighted
fast SE images, respectively.

On T2-weighted fast SE images, the tumor margins
were relatively sharp in 11 of 12 low-grade and five of
eight anaplastic tumors, and the margins were fuzzy
in one low-grade and three anaplastic tumors.

Discussion

Treatment of oligodendrogliomas typically has
been surgical resection followed by radiation therapy
(8, 9), but recent studies have found that anaplastic
oligodendrogliomas are chemosensitive tumors. Alky-
lating agent chemotherapy has been found to be an
adjuvant treatment of choice for anaplastic oligoden-
drogliomas (5, 10). Therefore, grading these tumors
correctly is critical for guiding therapy.

The MR contrast enhancement of oligodendrogli-
omas has been thought to correlate with anaplastic
oligodendrogliomas (3–6). A pathoradiologic study
using the WHO grading system revealed that all ana-
plastic oligodendrogliomas showed contrast enhance-
ment on images (3). Furthermore, in a new grading
system based on morphology and imaging, the pres-
ence of contrast enhancement is even used as a cri-
terion for discriminating anaplastic oligodendroglio-
mas from low-grade oligodendrogliomas (7). These
results could convince us that low-grade oligodendro-
gliomas tend not to enhance and anaplastic oligoden-
drogliomas should have obvious enhancement. In our
study, however, six of 12 low-grade tumors showed
contrast enhancement and three of eight anaplastic
tumors had no visible contrast enhancement. These
findings result in a positive predictive value of only
45% for MR contrast enhancement indicating that a

FIG 2. Anaplastic oligodendroglioma in a 47-year-old
woman.

A, Axial T2-weighted (3200/96) fast SE image shows a high-
signal-intensity mass that mainly involves the right frontal lobe
and insula.

B, Axial T1-weighted (583/20) image shows that the mass is
isointense to slightly hypointense.

C, Axial contrast-enhanced T1-weighted (583/20) image
does not show obvious tumor contrast enhancement. The CER
is 5.82.

D, Photomicrograph of the specimen (hematoxylin-eosin
stain; original magnification x40) shows high cellularity, nuclear
pleomorphism and hyperchromasia, and mitosis (arrow). There
is no increased neovascularity.
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tumor is an anaplastic oligodendroglioma. Moreover,
the mean CERs in both tumor groups were not sta-
tistically significantly different. The low CER values
of less than 10.0 were found not only in low-grade
tumors but also in anaplastic tumors. One low-grade
tumor also showed a CER value of more than 40.

All four tumors that had increased neovascularity
showed contrast enhancement on MR images. This is
not unexpected because gadolinium enhancement is
directly related to tumor neovascularity (11–13). Lack
of obvious contrast enhancement in the anaplastic
oligodendrogliomas could be attributed to a low de-
gree of neovascularity. However, five low-grade tu-
mors with contrast enhancement had no increased
neovascularity at histologic study. Apart from the
tumor neovascularity, therefore, it is presumed that
another histologic feature like the degree of disrup-
tion of the blood-brain barrier might be related to
tumor contrast enhancement. One anaplastic tumor
with a high CER (46.63) showed no neovascularity;
however, it was proved only by biopsy and a complete
histologic evaluation could not be performed.

With regard to the enhancement rate of anaplastic
oligodendrogliomas, our result is different from that
in the study by Reiche et al (3). The latter study
showed that all eight anaplastic oligodendrogliomas
enhanced on MR images. However, this finding of a
100% enhancement rate of the anaplastic oligoden-

drogliomas might only be a contingency that occurred
because of the small number of cases.

One characteristic finding seen in the pattern of oli-
godendroglioma enhancement was nodular-like en-
hancement. Seven of 11 enhanced oligodendrogliomas
showed this finding in our study. Based on the small
number of patients in this study, it was difficult to form
any statistical conclusion about the difference in show-
ing nodular-like enhancement between the low-grade
and anaplastic tumors. However, in contrast with three
of six enhanced low-grade tumors having nodular-like
enhancement, four of five enhanced anaplastic tumors
revealed this finding. Nodular enhancement has been
thought to be the most important predictor of malig-
nancy in astrocytomas (13–15). Lee et al (16) also found
seven cases of nodular enhancement in 15 mixed
oligodendrogliomas.

At pathologic examination, nodular-like enhance-
ment might correlate with the presence of nodular
foci with distinct higher cell density, neovascularity,
and endothelial hyperplasia (11). Comparison of
pathologic evaluation with areas of nodular-like en-
hancement was not performed on a site-to-site basis
in the current study, and the underlying pathologic
processes in nodular-like enhancement could not be
elucidated accurately. However, histologic evaluation
in three of four anaplastic tumors with nodular-like
enhancement did show that there were similar nodu-

FIG 3. Low-grade oligodendroglioma in a 42-year-old man.
A, Axial T2-weighted (4750/105) fast SE image shows a high-

signal-intensity mass in the right frontal lobe.
B, Axial T1-weighted (466/14) image shows that the mass is

isointense to slightly hyperintense.
C, Axial contrast-enhanced T1-weighted (466/14) image

shows partial tumor contrast enhancement. The contrast en-
hancement ratio is 40.88.

D, Photomicrograph of the specimen (hematoxylin-eosin
stain; original magnification, x40) shows even cellularity and little
nuclear pleomorphism and hyperchromasia. No mitosis or ne-
crosis is present. There is no increased neovascularity.
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lar-like areas with higher cell density, vascularity, and
necrosis. Interestingly, in the three low-grade tumors
with nodular-like enhancement, nodular regions were
not identified at pathologic examination. This is prob-
ably because cellularity and vascularity had not in-
creased enough to give the pathologic nodular pat-
tern in the low-grade tumors. Sampling error could be
another reason, but these three low-grade tumors
were totally resected, not only biopsied, which would
allow for a good pathologic sampling.

Considering the close correlation between neovas-
cularity and malignancy, the areas of nodular-like
enhancement should be included in histologic analy-
sis if possible. The result in the series by Daumas-
Duport et al (7, 11) suggested that neovascularity is a
crucial event in the progression of oligodendroglio-
mas toward more aggressive behavior. Therefore, ar-
eas of nodular-like enhancement within low-grade
oligodendrogliomas could be the early presage of
anaplastic change.

No significant difference was noted in tumor size
between low-grade and anaplastic oligodendroglio-
mas. Tumors of varying sizes were found in both
groups. The presence of tumor heterogeneity usually
supports the diagnosis of high-grade astrocytoma
(15). In this study, we did find that seven of eight
anaplastic oligodendrogliomas showed inhomoge-

neous signal intensity, but half (six of 12) of low-grade
oligodendrogliomas also had inhomogeneous signal
intensity. Owing to the overlap in the two groups, we
do not think that signal intensity heterogeneity could
be used as a strong factor in determining the malig-
nancy grade of oligodendrogliomas.

In our study, we defined the tumor margin as the
outermost boundary of the tumoral area demonstrat-
ing high signal intensity on T2-weighted fast SE im-
ages, since there is infrequently peritumoral edema in
oligodendrogliomas (14). Also, supporting this ap-
proach is that microscopic tumor infiltration gener-
ally extends at least as far as the signal intensity
change on T2-weighted SE images (17). Therefore,
we believe that it is clinically important to define the
outermost boundary of abnormal high signal intensity
as the radiologic tumor margin.

Extensive edema is thought to be an important
predictor of high-grade brain tumors (4, 15). How-
ever, oligodendrogliomas are not typically associated
with vasogenic edema. Edema may not be a sensitive
marker in grading oligodendrogliomas.

In our comparison of definition of tumor margin
between low grade and anaplastic oligodendroglio-
mas, a fuzzy margin was found in only one of 11
low-grade tumors but in three of eight anaplastic
tumors. Because of the presence of overlap, defini-

FIG 4. Anaplastic oligodendroglioma in a 59-year-old man.
A, Axial T2-weighted (3986/99) fast SE image shows a high-

signal-intensity mass in the right temporal and frontal lobes.
B, Axial T1-weighted (600/14) image shows that the mass is

isointense to slightly hyperintense.
C, Axial contrast-enhanced T1-weighted (600/14) image

shows the inhomogeneous and partial tumor contrast enhance-
ment with a CER up to 62.52. There are nodular-like enhance-
ment areas within the tumor.

D, Photomicrograph of the specimen (hematoxylin-eosin stain;
original magnification, x100) shows an area with high cellularity
and increased neovascularity.
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tion of tumor margin may not be used as a predictor
of malignancy, but could indirectly reflect the degree
of tumor infiltration and should be evaluated in di-
agnosing and treating oligodendroglioma.

In this study, no information about therapy, clinical
follow-up, and survival rate was traced because of the
inclusion of recent cases. We therefore could not
compare the presence or absence of contrast en-
hancement with prognosis in oligodendrogliomas, as
was done by Daumas-Duport et al (7, 11). This is one
limitation of the current study. To conclusively clarify
the significance of tumor enhancement in grading
oligodendrogliomas, a further study about the rela-
tion between contrast enhancement on MR images
and survival rate is necessary. Another limitation is
that subtle enhancement in some cases could be vi-
sually missed in the qualitative study.

Perfusion MR imaging with the creation of relative
cerebral blood volume (rCBV) maps results in the
qualitative and quantitative assessment of glial tumor
vascularity. Elevated rCBV could be a more sensitive
marker for high-grade histopathologic finding (18).
Further study of rCBV analysis of oligodendroglio-
mas is needed.

Conclusion
We compared MR contrast enhancement with ma-

lignancy grade in oligodendrogliomas and found no
significant difference in contrast enhancement be-
tween the low-grade and anaplastic tumors. Nodular-
like enhancement within tumor may be a character-
istic finding for oligodendrogliomas. Further study,
which should focus on interpreting the histologic
meaning of nodular-like enhancement and comparing
this finding with malignancy grade, is necessary. Our
results showed no specific finding from MR imaging
for simply discriminating low-grade from anaplastic
oligodendrogliomas, and pathologic sampling is nec-
essary to grade oligodendrogliomas accurately by us-
ing the WHO grading system.
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