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Radiologic-Pathologic Correlation: 
Intracranial Astrocytoma 

Mauricio Castillo, James H. Scat/iff, Thomas W. Bouldin, and Kinuko Suzuki 

From the Departments of Radiology , Section of Neuroradiology (MC, JHS), and 
Pathology , Section of Neuropathology (TWB, KS) , University of North Carolina 

School of Medicine, Chapel Hill , NC 

Clinical History 

An 8-year-old boy presented with progres
sive left lower extremity weakness of 2-weeks 
duration . Past medical history was unremark
able. Contrast-enhanced computed tomogra
phy (CT) demonstrated an enhancing mass in 
high right parietal convexity . An open biopsy 
revealed low-grade astrocytoma. Steroids and 
anticonvulsant medications were prescribed 
and the patient was discharged. One month 
later, he was readmitted due to increasing left
sided paresis. Physical examination showed 
weakness in the left lower and upper extremi
ties as well as a left abducens palsy. Repeat 
contrast-enhanced CT showed interval devel
opment of low-attenuation regions in the center 
of the mass. Results of second open biopsy 
were again consistent with low-grade astrocy
toma. Radiation therapy was started but hydro
cephalus developed requiring placerr:ent of a 
ventriculoperitoneal shunt. The pat1ent was 
readmitted 2 months later because of increas
ing lethargy, anorexia, and generalized weak
ness. Physical examination also revealed men
ingismus. Repeat contrast-enhanced CT and 
magnetic resonance (MR) showed that the t~
mor had extended into the left cerebral hemi
sphere via the corpus callosum (Figs: 1 A and 
1 B). Supportive treatments were contmued but 
the patient died 2 weeks later. .Postrr:ort~m 
examination revealed a right hem1sphenc gho-
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blastoma multiforme that had extended to the 
left hemisphere via the corpus callosum (Figs. 
1 C and 1 D). The ependyma of the left lateral 
and third ventricles contained tumor cells. The 
meninges were thickened and fibrotic and 
showed tumor infiltration . Microscopical foci 
of tumor within perivascular spaces were also 
present in the pons near the abducens nuclei 
and in the upper cervical spinal cord. The 
meninges in the remaining spinal cord and 
cauda equina were also infiltrated by tumor. 

General 

Primary cerebral gliomas comprise 40%-
60% of adult intracranial tumors (1). In adults, 
only a small percentage of gliomas are infra
tentorial , whereas 70%-80% of gliomas seen 
in children occur in the cerebellum ( 1 ). Supra
tentorial gliomas are found more frequently in 
males (3:2) during the 6th and 7th decades of 
life (peak incidence: 50 years of age) (1). Most 
adult supratentorial gliomas are forms of astro
cytomas. The most malignant form of astro
cytoma (glioblastoma multiforme). has an ~n
favorable prognosis , with most pat1ents surviv
ing less than 15 months after the initial 
diagnosis regardless of the mode of treatment 
(2). The average survival rate for the lower 
grade astrocytomas varies fr~m 2.5 to ? years 
after diagnosis (this does not mclude ohgoden
drogliomas). 

Pathology 

Histology 

Astrocytomas are composed of neoplastic 
astrocytes (3). Histologically , they. range from 
well-differentiated to undifferentiated; when 
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Fig. 1. A , A xial noncontrast 
MR T1 -weighted image shows a 
large mass in the right hemisphere. 
The periphery of this mass is of 
low signal intensity . The central 
area of high signal intensity (also 
present on T2-weighted images) is 
presumed to represent hemor
rhage (methemoglobin). There is 
compression of the right lateral 
ventricle and m ild midline shift. A 
second smaller mass is present in 
the medial left hemisphere. This 
mass is mainly of low signal inten
sity and contains a central focus 
of hemorrhage. lntratumoral hem
orrhage is more commonly seen in 
high-grade gliomas. The left lateral 
ventricle is mildly dilated second
ary to entrapment of its frontal and 
occipital horns by tumor. The gray 
matter (*) overlying the right-sided 
mass is thickened and the gray
white junction is not c learly seen. 
The latter findings suggest the 
presence of either cortical edema A 
and/ or tumor infiltration . The 
right-sided artifact is secondary to 
a cerebrospinal fluid shunt. 

8, A xial T1-weighted image 
after gadolinium administration at 
the same level as A. There is irreg
ular and nodular enhancement of 
the periphery of both masses. En
hancing tumor is noted crossing 
the midline compatible with trans
callosal extension (arrow) . High
grade gliomas classically spread 
through white matter tracts such 
as the corpus callosum. This ap
pearance represents the so-called 
"butterfl y" glioma. The irregular 
pattern of enhancement also sug- C 
gests the high-grade histo logy of 
this tumor. 
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B 

D 

C, Postmortem coronal T 2-weighted image of the f ixed brain in the same patient obtained 1 month after the studies shown in 
A and B. The bulk of the tumor ( T) is seen as an area of high signal intensity . There is white matter edema (£) w ith its 
characteri st ic "finger-like" ex tensions into the subcorti ca l regions. Tumor cells were found in these latter regions illustrating the 
lack of sensi tivity of MR to exactly delineate the true margins of the tumor. Gray matter signal abnormality (as seen in A) is 
present in the right frontoparietal area near the operculum (*)and, pathologically, this region of cortex contained both areas of 
tumor invasion and areas of reactive edema . Clearly seen is tumor extending th rough the corpus callosum (C) which is of high 
signal intensity and is thickened . The tumor also infiltrates the septum pellucidum (5). An irregular area of high signal intensity 
is also seen in the outer wa ll of the right lateral ventri c le (arrows) and subependymal tumor spread was found in this region. 
Subependymal spread may occur (as in this case) with high-grade gliomas. Although meningeal spread was diffusely present at 
autopsy , that feature is no t apprecia ted in this image. Meningeal invasion represents another avenue for extension of high-grade 
gliomas. The high signal intensity in the left temporal lobe represents an arti fac t of fixation,. 

D, Coronal section of the f ixed bra in at the same level as C. The large glioblastoma multiforme ( T ) abutting the lateral ventricle 
is c learly seen. There is inf iltration and thickening of the septum pellucidum and the corpus callosum. There is invasion of the 
gray matter (arrowhead) laterally as seen on the MR image. 
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the astrocytes resemble normal ones they can 
be considered well-differentiated. Anaplastic 
changes are very common in astrocytomas, 
and include nuclear and cellular pleomorphism, 
vascular endothelial proliferation, and areas of 
tumor necrosis (4). Malignant astrocytomas 
show foci of anaplasia; glioblastomas are astro
cytomas with foci of anaplasia and necrosis (3, 
5). It is now generally accepted that tumor 
grading should be based on the most malignant 
portion present; however, the small tissue sam
ple generally obtained by needle biopsy may 
not be representative of the more malignant 
regions of the mass. In many institutions the 
neurosurgeon obtains multiple biopsies at dif
ferent tumor regions to minimize errors in path
ologic grading. Approximately 80% of low
grade gliomas "dedifferentiate" into more ag
gressive forms (4). In general, more anaplastic 
elements are found in the center of higher 
grade tumors, while their periphery contains 
better differentiated cells; therefore, malignant 
gliomas can be of two types: those that arose 
from a benign astrocytoma, and those origi
nating de novo. 

To simplify tumor grading, the term "astro-
1 cytoma" refers to the old astrocytoma grades I 
1 and II (3). The terms "malignant" or "anaplastic" 

astrocytoma are used for the old astrocytoma 
grade lll , and refer to a tumor of intermediate 
malignancy (3). "Glioblastoma multiforme" re
fers to the old astrocytoma grade IV (3). The 
term "multiforme" reflects the diverse appear
ance of the highly malignant cells that consti
tute these tumors. 

Glial fibrillary acidic protein is a biochemi
cally and immunologically distinct protein spe
cific for astrocytes (6). Immunohistochemical 
tests to detect this marker are available and 
help to confirm the astrocytic nature of a 
tumor. The amount of glial fibrillary acidic 
protein present in an astrocytoma decreases 
as malignancy progresses (due to the presence 
of poorly differentiated cells). 

Locations 

Cerebral Hemispheres 

The cerebral hemispheres are the most com
monly involved site in adults (1). Anaplasia is 
found in approximately 80% of hemispheric 
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astrocytomas (3 , 4). Hemispheric low-grade 
gliomas are more commonly seen in younger 
patients. Although any part of the cerebrum 
may be involved, the frontal and temporal 
lobes are more commonly affected (2) . There 
is relative sparing of the occipital regions (7) . 
Involvement of central and deep structures 
such as the corpus callosum is not uncommon. 
When the corpus callosum is involved, bih
emispheric invasion is generally present. 

Cerebellum 

The cerebellum is predominantly involved in 
children and adolescents. Cerebellar astrocy
tomas constitute approximately 16% of all 
brain tumors in these age groups (3). These 
gliomas are generally cystic (60%-80%) and 
of low-grade malignancy (pilocytic astrocyto
mas) (1). Many cystic gliomas may be totally 
resected and the patient may be considered 
cured. Overall survival rates at 20 years vary 
between 70%-80% (8). 

Brain stem 

Although brain stem astrocytoma occurs 
more commonly in children, it may also be 
found in adults. Brain stem gliomas comprise 
approximately 20% of all posterior fossa 
gliomas in children (9). These tumors are dif
fusely infiltrating and may extend into the 
medulla, midbrain, thalamus, or be exophytic. 
Anaplastic features are seen in up to 60% of 
these malignancies (3, 4) . Occasionally, brain 
stem gliomas may demonstrate preferential 
growth into the fourth ventricle. Clinically and 
by imaging, brain stem gliomas may mimic 
pontine encephalitis. 

Hypothalamus-Optic Chiasm 

These tumors represent 1 %-2% of adult 
gliomas and approximately 3 % of childhood 
gliomas (10). At diagnosis, most tumors are 
large and their epicenter cannot be reliably 
located ( 1 0). Moreover, 50% of all "optic" 
gliomas appear to originate from the hypothal
amus (3). Although these tumors are slow 
growing, they are microscopically infiltrating 
and may compress or fill the third ventricle 
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leading to hydrocephalus. The behavior of the 
larger tumors is unpredictable and they are less 
responsive to radiation therapy than gliomas 
confined to the optic nerves (1 0). 

Special Forms 

Associated with Neurofibromatosis 

Optic nerve gliomas are present in 30%-
90% of patients with neurofibromatosis type I 
(NFI) (11). However, optic nerve glioma may 
occur in an isolated fashion. More than 75% 
of optic nerve gliomas are found in children 
less than 12 years of age (3). Bilateral tumors 
are seen in 10%-20% of cases, especially 
patients with NFI (3). The majority arise in the 
optic nerve and extend posteriorly. These 
gliomas may also arise from the retina or from 
the optic chiasm or hypothalamus. Ten to 15% 
of patients with NFI have tumors arising di
rectly from the chiasm-hypothalamus regions, 
thalamus, basal ganglia, brain stem, and cere
bral hemispheres (11). Patients with optic nerve 
gliomas have a good prognosis for life but a 
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poor prognosis for vision . These tumors are 
generally classified as pilocytic astrocytomas. 

Gliomatosis Cerebri 

This term is applied to a very rare type of 
disseminated astrocytic neoplasia with no 
grossly discernible focal masses (3). The peak 
incidence is between 20-40 years of age. The 
clinical presentation is nonspecific and nonfo
cal. Signs and symptoms are relatively mild in 
relation to the degree of tumor extent (12). The 
cerebral hemispheres are more commonly in
volved , but the tumor may be found in the 
cerebellum and brain stem. The gray and white 
matter are both involved (13). By MR and CT, 
the underlying cerebral structures are relatively 
preserved. 

Leptomeningeal 

Gliomas arising from the meninges with no 
parenchymal foci are extremely rare and are 
speculated to arise from ectopic glial nodules 
within the leptomeninges (4) . 

c 
Fig. 2. A, Midsagittal postmortem T 2-weighted image in a 13-year-old boy who presented 2 years previously with diplopia 

and headache and was treated with radiation therapy at an outside institution. There is 'I discreet focus (large arrow) of high 
signal intensity in the lower pons. The lower pontine area of signal abnormality is believed to represent an artifact of fixat ion as 
no discreet tumor focus was found at that level. The right cerebellar tonsil (small arrows) is markedly enlarged and is also of high 
signal intensi ty. The fourth ventricle ( V) is displaced rostrally by the mass. (Prem ortem MR not performed.) 

B, Right parasagittal postmortem T 2-weighted image shows a discreet and well-def ined focus ( T) of abnormal high signal 
intensity in the lower ventra l pons. Enlargement and abnormal increased signal intensity from the cerebellar tonsil (arrows) is 
aga in seen. The fourth ventricle ( V) is displaced rostra lly. Note that the t issues separating both lesions are of normal signal 
intensity. Despite this f ind ing, microscopical examinat ion revealed tumor cells in between both lesions (multifocal glioma) and 
the features of all lesions were com patible with glioblastoma mult ifo rme. 

C, Midsagitta l section of the fixed specimen corresponding to A and B. The cerebellar tonsil ( T) harbors a malignant glioma 
and is diffusely enlarged. A separate tumor nodule (t) is present in the low pons. Despite the grossly normal appearance of tissues 
between these tumors, diffuse infil trat ion was present at m icroscopy at these levels, communicating both tumors and , thus, 
making the diagnosis of multifoca l glioblastoma multiforme. 
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/VIultifocal and /VIulticentric 

The incidence of multiple gliomas ranges 
from 0.5%-10% (14) . Multiple gliomas may be 
synchronous (occurring at the same time) or 
metachronous (occurring at different times). 
Lesions that have parenchymal connections or 
have spread through the cerebrospinal fluid 
pathways are termed multifocal (Fig. 2) (3) . 
Isolated gliomas with no microscopical conti
nuity may occur and are termed "multicentric" 
(Figs. 3-5) (3). Distinguishing them from the 
more common metastases to the brain may 
not be entirely possible radiographically. The 
presence of multiple, solid, and enhancing le
sions located in the deep parenchyma and 
involving only one cerebral hemisphere should 
raise the possibility of multiple gliomas (15). 

Imaging 

CT 

On noncontrast CT studies the majority of 
gliomas are seen as areas of low density (18-
30 HU) (Figs. 3A and 3B) (16). They may also 
contain patchy regions of density similar to 
that of normal brain. Normal noncontrast CT 
studies are not rare (2) . The margins of the 
lesion are ill-defined and merge imperceptibly 
with the neighboring normal brain (Fig. 3B). At 
times, the tumor margins may be slightly hy
perdense. This finding may reflect hemorrhage, 
cellular compactness, compressed normal 
brain tissues, or simply appear this way due to 
low density of the surrounding edema. Mass 
effect and shift of midline structures may also 
be present. The presence of hydrocephalus 
varies and can be considered a late finding in 
brain stem gliomas, but may also occur early 
as seen in gliomas arising in the region of the 
third ventricle. Administration of iodinated con
trast material is necessary to better delineate 
these lesions. Although the pattern of contrast 
enhancement does not always predict the his
tologic grade, an educated guess is possible in 
the many cases (17). Low-grade gliomas gen
erally show little or no enhancement. This 
imaging feature reflects an intact or relatively 
intact blood brain barrier (BBB). Patchy areas 
of contrast enhancement may be present in up 
to 40% of low-grade gliomas (2). The margins 
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of low-grade tumors are generally poorly de
fined (Fig. 3A). Calcifications occur in 10%-
20% of gliomas, generally those of low-grade 
malignancy (Figs. 4A and 4B). Calcifications 
may have any appearance, and their presence 
does not preclude a high-grade glioma. 

Cerebellar pilocytic astrocytomas deserve 
special mention because of their characteristic 
imaging features. Although the majority of 
these tumors occur in the cerebellum, they are 
also be found in the region of the chiasm/ 
hypothalamus/third ventricle and in the cere
bral hemispheres (18). Pilocytic gliomas are 
sharply demarcated and lobular. Approxi
mately two thirds are cystic and the majority 
show marked peripheral and, at times, nodular 
contrast enhancement (Fig. 5) (1). Edema and 
tumor calcifications are absent. 

Anaplastic gliomas and glioblastoma multi
forme generally show rim enhancement. The 
rim is nodular, thick, irregular, and hyperdense 
reflecting the breakdown of the BBB at those 
levels (Fig. 3A). However, minimal or no en
hancement at all may be occasionally present 
in high-grade tumors (Fig. 3B) (19, 20). A 
central portion of low density is seen in up to 
95% of glioblastoma multiforme and reflects 
necrosis and/or cyst formation (3). Edema 
tracking along white matter pathways is com
monly present (75%-90% of cases) (Figs. 3A 
and 3B) (1). Different patterns of mass effect 
and herniations can be seen and may vary 
according to the location of the tumor. Hem
orrhage occurs more often in the higher grade 
gliomas. Hemorrhage may be the presenting 
event in a patient without a known tumor. 
Gliomas extend along the white matter tracts. 
Although they may arise initially in one hemi
sphere, high-grade tumors may become bih
emispheric by crossing through central white 
matter tracts such as the corpus callosum 
("butterfly" glioma) and the anterior and pos
terior commissures (Figs. 1A-1D). Infiltrating 
brain-stem gliomas may extend into the cere
bellar hemispheres. Ventricular extension due 
to infiltration to the ependymal surfaces may 
occur and represents a grave prognostic sign 
(Figs. 1A-1D). If multiple enhancing masses 
are encountered on a contrast-enhanced CT 
study, there is no way to distinguish multifocal 
glioma from more common processes such as 
metastases or lymphoma (Figs. 2-5). 
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Fig. 4. A , Noncontrast CT sec
tion in a patient with an exten
sively calcified glioblastoma mul
tiforme ari sing in the left parietal 
occipital region . This tumor had 
not received any radiation at the 
time of this study. Laterally, the 
tumor (arrow) invades the cortex 
and it extends medially (arrow
heads) along the splenium of the 
corpus callosum. 

B, Midsagittal Tl-weighted im
age after gadolinium administra
tion in the same patient as A. Note 
the enlarged corpus callosum pos
teriorly (arrows) secondary to tu
mor infiltration of this white matter 
tract. 

/11R 
The MR findings closely resemble those seen 

by CT. MR defines the extent of the lesion 
better than CT. However, tumor may be pres-
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B 

ent beyond the abnormal regions seen on MR 
(Figs. 3C and 3D) (17). Conversely , the extent 
of tumor in remission may be overestimated 
on MR T2-weighted images due to the high 

Fig. 3. A , Axia l CT section after contrast administration in a 33-year-old man who presented with seizures and d ifficulty 
talking. The lesion in the left temporal region shows irregular and somewhat nodular enhancement. There is surrounding edema 
and mild compression of the ipsilateral ventricle. 

B, Contrast-enhanced axial CT section in the same patient shows areas of low density in the left centrum semiovale ( T) and 
in the right high parietal region (t). This appearance is that of the classic ··vasogenic" edema configuration , and despite the 
absence of definite areas of contrast enhancement, tumor was present on both sites. 

C, Axial T2-weighted image obtained 1 month after A and B. During the interval , the patient underwent radiation therapy and 
intra-arterial infusion of cisplatin . There is extensive abnormal high signal intensity on the left temporal and occipital lobes, 
suggesting edem a. Although discreet tumor foci are not identifiable amid the edema, pathology showed a well-defined tumor 
focus along the most lateral aspect of this abnormality (where no normal gray matter is seen). 

D, Axial T 2-weighted image caudal to B shows interval decrease in size of the zone of edema previously seen in left centrum 
semiovale ( T). Again noted is the abnormal signal intensity as seen in the right parieta l region ( t). Notice the absence of 
identifiable discreet tumor foci in both lesions. No gadolin ium was administered for th is study. 

£ , Coronal T2-weighted image shows the zones of abnormal high signal intensity in the right parietal and left temporal lobes. 
Notice that the signal abnormalities in both lesions extend to involve gray matter. Microscopy revealed direct extension of the 
tumor into the cortex at both sites. The meninges overly ing the left temporal lesion were also infiltrated by tumor (not appreciated 
by MR). 

F, Axial T2-weighted image obtained 3 weeks after the study shown in C-£. At this time, the patient had developed dysphagia , 
dyspnea, and progressive lethargy. The supratentorial lesions were stable but a new area of abnormal high signal intensity ( T) 
developed in the pons. No gadolinium was given due to lack of venous access. Despite supportive treatment the patient died 2 

days after this study. 
G, Postmortem coronal T2-weighted image at a comparable level to E shows d iffuse high signal intensity from the tumor ( T) 

in the right parietal lobe. By pathology , two tumor foci were present in the medical and superior aspects of this lesion. Notice 
that the gray matter superior and medial is infil trated . Tumor infiltration of the cortex and white matter was histologically present 
but no t obvious on the MR studies. Abnormal high signal is also present in the pons (P) and the left temporal lobe (L). Discreet 
separation between zones of edema and tumor cannot be made on this study. The white matter ( W) in the temporal lobe shows 
subtle but definite abnormal increased signal intensity probably related to radiation and/or chemotherapy. No tumor cells were 
present in this latter area . A fou rth area of abnormal signa l intensity (involving both gray and white matter) (*) is seen in the left 
temporoparietal region. Microscopy revealed tumor at this level. A ll lesions were compatible with glioblastoma multiforme and 
showed no communication between them , thus making this a multicentric tumor. In this case, both synchronous and metachronous 

lesions occurred . 
H, Coronal sect ion of the fixed specimen corresponding to E and G. The large glioblastoma multiforme ( T) in the superior 

right parietal lobe clea rl y infil trates gray matter as seen on MR. A second and totally separate glioblastoma multiforme (t) is 
present latera lly and inferiorly . The tumor (L) in the left temporal region also infi ltrates the cortex . 
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Fig. 5. Parasagittal post-gadolinium Tl-weighted image 
showing marked enhancement of the solid portion ( T) of this 
pilocytic astrocytoma. The cyst (arrow) located dorsally , does 
not enhance. 

signal intensity of surrounding edema and/ or 
radiation-induced changes (21 ). Calcifications 
may not be appreciated if only spin-echo tech
niques are utilized (22). On nonenhanced T1-
weighted images these tumors are of low signal 
intensity (Fig. 1A). T2-weighted images show 
the tumor and surrounding edema to be of high 
signal intensity (reflecting high water content 
in both) (Figs. 3C-3F). Therefore, on T2-
weighted images, tumor and edema may not 
be separable from each other. In our experi
ence, involvement of the gray matter strongly 
correlates with the presence of tumor. Like 
iodinated contrast media, gadolinium enhance
ment depends upon disruption of the BBB. The 
enhancement patterns seen after gadolinium 
administration are similar to those previously 
described for contrast-enhanced CT with high
grade tumors showing greater enhancement 
than their more benign counterparts (21, 23) 
(Figs. 1A and 1B). Following the administration 
of gadolinium, maximum enhancement occurs 
during the first 15 minutes. Hemorrhage may 
also be identified by MR. Subpial tumor spread 
and tumor in the subarachnoid space is not 
commonly identified by MR (21 ). 
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