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Juvenile Pilocytic Astrocytomas:
CT and MR Characteristics

Thirty-seven cases of juvenile pilocytic astrocytoma were reviewed retrospectively to
determine their CT and MR characteristics. All cases occurred in pediatric patients,
except for one in a young adult. There was a propensity for tumors to be located around
the third and fourth ventricles. On CT the tumors were all sharply demarcated and
smoothly marginated and rarely had associated edema. The lesions tended to be round
or oval. The tumor matrix was most often hypo- or isodense with marked enhancement.
Cyst formation, either micro- or macrocystic or combined, was frequently observed, and
tumor calcification occurred occasionally. On MR the tumors appeared hypo- or isoin-
tense on T1-weighted images and hyperintense on T2-weighted images.

The radiologic appearances of juvenile pilocytic astrocytomas are quite characteristic.
By using age of presentation, typical location, configuration, and enhancement patterns,
the presurgical diagnosis of juvenile pilocytic astrocytoma can be made with a high
index of confidence.

Juvenile pilocytic astrocytoma is a distinctive histologic subtype of astrocytoma
occurring predominantly in children and young adults and distinguished by a
relatively benign clinical course. Histologically it has a characteristic appearance
with an alternating pattern of compact bipolar pilocytic (hairlike) astrocytes and
loosely aggregated protoplasmic astrocytes, the latter of which often undergo
microcystic degeneration.

Although this astrocytoma is well known to neurooncologists and neurosurgeons,
its radiologic characteristics have not been well described. In this retrospective
study, we evaluated the CT and MR appearances of this distinctive astrocytoma
in an attempt to improve presurgical diagnostic accuracy.

Materials and Methods

Thirty-seven cases of histologically proved juvenile pilocytic astrocytomas were collected
for this retrospective study. The 17 males and 20 females were 6 months to 28 years old
(mean, 7.1 years) at presentation. However, in 29 patients (78%) the disease was diagnosed
within the first decade of life; there was only one adult (>20 years). Five patients (14%) had
stigmata or a family history of neurofibromatosis.

Thirty-seven pretreatment CT and five MR studies were available for review. CT was
performed routinely before and immediately after IV administration of iodinated contrast
medium with a slice thickness of 4-10 mm; occasionally, delayed scans were obtained. T1-
weighted spin-echo images, 600-800/17-20 (TR/TE); proton-density images, 2000/20-30;
and T2-weighted images, 2000/80-90, were obtained in the MR studies. The location, size,
configuration, and margins of the tumors were evaluated in addition to the CT density,
contrast enhancement, and MR intensity. The presence of tumor calcification, micro- (diam-
eter, =1 cm) or macro- (diameter, >1 cm) cyst formation, as well as associated edema or
arachnoid cyst was also recorded.

Results

The locations of tumors were: optic chiasm and hypothalamus, 17; cerebellar
vermis, seven; cerebellar hemisphere, four; cerebral hemisphere, four (three in the
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temporal lobe and one in the frontal lobe); intraventricular, had posterior extension into the postchiasmal optic pathway
two; septum pellucidum, one; thalamus, one; and optic nerve, (Fig. 3). All four cerebellar hemispheric lesions were located
one (Table 1). Among 17 cases of chiasmal lesions, nine had medially near the vermis (Fig. 4). The two intraventricular
downward extension into the pituitary fossa (Fig. 1), three tumors were identified within the anterior lateral ventricles
had anterior extension into the optic nerve (Fig. 2), and three (Fig. 5). The septal and thalamic lesions were located in the

Fig. 1.—T1-weighted sagittal MR image, 600/
20. Large chiasmal pilocytic astrocytoma with
downward extension into pituitary fossa and sphe-
noid sinus (arrow).

Fig. 2.—Contrast-enhanced axial CT scan. An-
terior extension of chiasmal pilocytic astrocytoma
into right orbit. Noted are erosions of right tuber-
culum sellae and optic canal (arrows), as well as
downward extension into pituitary fossa (asterisk).

Fig. 3.—A-C, Contrast-enhanced axial CT
scans show chiasmal pilocytic astrocytoma with
bilateral postchiasmal optic pathway extension.
Noted are tumor calcifications in left optic tract
and microcyst in chiasmal tumor (arrow). Right
optic tract is minimally involved, and there is
uncertainty about left lateral geniculate body in-
volvement.

D, Coronal proton-density MR image, 2000/20.
Left lateral geniculate body involvement is definite
and sharply delineated (arrowheads).




Fig. 4.—Contrast-enhanced axial CT scan
shows cystic pilocytic astrocytoma of left medial
cerebellar hemisphere. Noted are a small flecklike
tumor calcification (arrow); a sharply demarcated,
solid, enhancing component; and a macrocyst (ar-
rowheads). Surrounding edema is minimal. Fourth
ventricle is severely deformed with resultant ob-
structive hydrocephalus.

Fig. 6.—Nonenhanced (A) and enhanced (B)
axial CT scans show isodense enhancing pilocytic
astrocytoma arising from septum pellucidum. This
sharply demarcated round tumor was proved to be
subependymal at surgery.

Fig. 7.—T1-weighted axial, 600/17 (A), and T2-
weighted coronal, 2000/90 (B), MR images show
right optic nerve pilocytic astrocytoma with pos-
terior extension into optic chiasm. Tumor is hy-
pointense on T1- and hyperintense on T2-weighted
images. Left side of optic chiasm is displaced but
uninvolved (arrow).

Fig. 5.—Nonenhanced axial (A) and enhanced coronal (B) CT scans show intraventricular pilo-
cytic astrocytoma. Large associated intraventricular cyst (arrows) has a CT attenuation number
slightly higher than that of CSF.




TABLE 1: Summary of Juvenile Pilocytic Astrocytomas

No. with
Associated

MR Findings (No.)

CT Findings (No.)

Contrast T Neuro-
fibromatosis

Enhancement

Tumor Matrix
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Oval (2)

2 No extension

Subependymal

performed
Hypointense (1)

Hyperintense (1)

Marked (1)

Hypodense (1)

0

No cysts

Dumbbell (1)

Optic chiasm (1)

1

Optic nerve

“ Microcysts are =1 cm in diameter; macrocysts are >1 cm in diameter.

subependymal region around the third ventricle (Fig. 6). One
lesion arose in an optic nerve with posterior extension into
the optic chiasm (Fig. 7).

The majority of the tumors were either oval or round (23
cases, 62%). Ten lesions were multilobulated; all 10 were
chiasmal. One optic nerve and three chiasmal lesions had a
dumbbell appearance. The size of the tumors ranged from 2
X 2 x 2cm®to 6 x5 x 6 cmd. Al the lesions were sharply
demarcated and smoothly marginated. The CT density of the
tumor matrix was hypodense relative to brain in 16, isodense
in 19, and hyperdense in two. All the tumors enhanced on CT
after IV contrast administration, at least to a moderate degree
and usually markedly. Tumor calcifications were identified in
four cases (11%), including two chiasmal lesions, all in the
form of flecks (Fig. 8). Twenty-five cases (68%) had cyst
formation; microcysts were observed in 10 cases, macrocysts
in 11 cases, and a combination of both in four (Fig. 9). Mild
vasogenic edema was associated only in two cases, one in
the cerebral and the other in the cerebellar hemisphere. An
associated arachnoid cyst or subarachnoid-space dilatation
was observed in two cases, one associated with a chiasmal
lesion (Fig. 10) and the other one in the sylvian fissure with a
temporal lesion. The tumors all appeared isointense or slightly
hypointense relative to brain on T1-weighted and hyperin-
tense on T2-weighted images in all five patients who had MR.

Discussion

Mature astrocytes are of fibrillary and protoplasmic types,
both of which can give rise to astrocytomas. The diffuse
astrocytomas of the cerebral hemispheres usually are of the
fibrillary type (Fig. 11); this is because protoplasmic astrocytes
can acquire fibrillary characteristics under pathologic condi-
tions. Astrocytomas also may be categorized by histologic
growth pattern. The pilocytic astrocytomas have an abun-
dance of cells that are elongated and bipolar, thus appearing
“hairlike.” These tumors are of two distinct types: adult (or
diffuse) and juvenile (or biphasic). The juvenile pilocytic astro-
cytoma has also been referred to as “polar spongioblastoma.”
Complicating the issue of pilocytic astrocytoma is the ten-
dency of diffuse cerebral and pontine fibrillary astrocytomas
of higher grades of anaplasia to infiltrate along existing brain
fiber tracts, thus attaining an artificial pilocytic appearance
(Fig. 12) [1].

The juvenile pilocytic astrocytoma is a distinct low-grade
variant of astrocytoma, both clinically and histopathologically.
It is composed of distinct areas of compact pilocytic astro-
cytes, mostly arranged around vessels, and mixed with areas
having a looser, protoplasmic, or partially cystic appearance
[2]. This gives a definite biphasic pattern to the tumor when
viewed under low-power magnification (Fig. 13). In contrast
to the diffuse fibrillary astrocytomas of the cerebral hemi-
spheres, for which a grading system is well established [3],
the presence of atypical or multinucleated cells or vascular
endothelial hyperplasia does not imply a worse prognosis for
the juvenile pilocytic neoplasms. Mitoses and tumor necrosis
are found rarely or never [4]. Important histologic and CT
features of various gliomas are outlined in Table 2.

Juvenile pilocytic astrocytomas may have a grossly cystic
character and contain a mural tumor nodule located in the



Fig. 8.—Nonenhanced (A) and enhanced (B)
axial CT scans show calcified chiasmal pilocytic
astrocytoma. Noted are microcysts within this
strongly enhancing tumor (arrows).

Fig. 9.—Contrast-enhanced axial CT scans.

A, Intraventricular pilocytic astrocytoma. Multi-
ple microcysts are identified.

B, Right frontal pilocytic astrocytoma. Well-de-
fined macrocyst is associated with strongly en-
hancing mural nodule.

Fig. 10.—A, Contrast-enhanced axial CT scan
shows strongly enhanced chiasmal pilocytic astro-
cytoma surrounded by multilobulated arachnoid
cyst (arrows).

B, Coronal T2-weighted MR image, 2000/80,
shows associated arachnoid cyst draped around
tumor (arrowheads). Sagittal T1-weighted MR im-
age, 600/20, in this patient (Fig. 1) did not provide
demarcation of tumor from surrounding arachnoid
cyst.
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Fig. 11.—Diffuse fibrillary astrocytoma, low grade. Diagnostic features
include uneven increase in cellularity, nuclear enlargement, and rounded
nuclei with multiple delicate fibrillary processes. One mitotic figure (arrow)
is present. (H and E, x600)
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Fig. 12.—Pilocytic growth pattern in pontine glioblastoma multiforme.
Neoplastic cells are elongated, with bipolar processes, but growth pattern
is diffuse. Other areas of this neoplasm were highly pleomorphic and
showed coagulation necrosis. (H and E, x600)

wall of the cyst. This tumor nodule is soft and red-tan,
because of rich vascularity. The tumors commonly occur in
children and young adults. The most frequent locations are
the cerebellum, the optic nerves or chiasm (optic-nerve
glioma), and the region around the third ventricle. Less often,
juvenile pilocytic astrocytomas can be found in the cerebral
hemispheres and lateral ventricles. These tumors are the most
common astrocytic neoplasm in the cerebellum of children.
The diffuse (adult type, nonbiphasic) pilocytic astrocytomas
are distinctly less common than the juvenile type in children.
Biologically, the juvenile tumors are low grade. After complete
surgical excision, they almost never recur. Even those ex-
amples that are incompletely resected are slow growing, and,
unlike diffuse astrocytomas of the cerebrum, do not undergo
malignant transformation to a more anaplastic form [4].

Fig. 13.—Juvenile pilocytic astrocytoma. Characteristic biphasic pattern
of dense “hairlike” pilocytic areas alternating with looser microcystic
areas. Rosenthal fibers can be identified (arrows). (H and E, x600)

Juvenile pilocytic astrocytomas are well known for their
association with neurofibromatosis, and in this entity they are
usually confined to the anterior optic pathways; for example,
the optic nerve and chiasm [5-8]. In our series five juvenile
pilocytic astrocytomas were associated with neurofibroma-
tosis; three were centered at the optic chiasm, one involved
the optic nerve, and one was within the frontal horn of the
lateral ventricle.

Several characteristic findings were observed in our radio-
logic review. Except for occasional hemispheric lesions, these
tumors tend to be found around the third ventricle supraten-
torially and the fourth ventricle infratentorially; that is, in the
optic chiasm and vermis, respectively. All lesions appear
sharply demarcated and smoothly marginated and often are
round or oval in configuration, except when located in the
optic chiasm or optic nerve. At these sites the tumor has a
tendency to grow along the optic pathway, giving a multilob-
ulated or dumbbell appearance. Most often the tumor matrix
appears hypo- or isodense and enhances strongly on CT. The
character of contrast enhancement of juvenile pilocytic astro-
cytomas is distinctive when compared with the more fre-
quently occurring low-grade fibrillary astrocytomas, which
often present as hypodense, nonenhancing masses [9, 10].
This CT observation might be explained by increased tumor
vascularity, which is constantly observed in the pilocytic as-
trocytomas and absent in the low-grade fibrillary astrocyto-
mas. The frequent absence of associated edema is indicative
of the low malignancy of this particular astrocytoma. Interest-
ingly, two patients in our series were seen initially with an
arachnoid cyst draped around the tumor. Its indolent growth
and tendency to infiltrate along the arachnoid with secondary
fibrotic changes might explain the secondary development of
an arachnoid cyst. To our knowledge, this has not been
reported in association with other brain tumors. Tumor calci-
fication, which occurred rarely, tends to be flecklike. Forma-
tion of either micro- or macrocysts is observed frequently in
pilocytic astrocytomas. Macrocysts tend to occur in cerebral
or cerebellar lesions and rarely in the lesions along the optic
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JUVENILE PILOCYTIC ASTROCYTOMAS

TABLE 2: Histologic and CT Features of Various Gliomas
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Type of Glioma

Histology

CT

Pilocytic astrocytoma (polar
spongioblastoma)

Fibrillary astrocytoma:
(Low-grade) astrocytoma

Anaplastic astrocytoma

Glioblastoma multiforme

Oligodendroglioma

Bipolar and biphasic; increased
vascularity; mitosis and
Necrosis rare or never

Multipolar fibrillary or proto-
plasmic; no increased
vascularity

Multipolar fibrillary or proto-
plasmic; mitosis and vascu-
lar endothelial proliferation;
no necrosis

Multipolar; markedly cellular
and pleomorphic; mitosis
and vascular endothelial;
proliferation marked;
necrosis required

Neoplastic oligodendrocytes
with round nuclei and clear
cytoplasm; prominent fine
capillary branching

Around or in the ventricles;
round or oval, multilobu-
lated in chiasmal region;
sharply demarcated;
contrast enhancement
marked; cysts frequent;
calcification rare

Lobar; round; poorly de-
marcated; hypodense,
nonenhancing; cysts
rare; calcification rare;
edema?

Lobar; configuration vari-
able; demarcation vari-
able; contrast enhance-
ment variable; cysts
rare; calcification rare;
edema frequent

Lobar; multilobulated; ne-
crotic center frequent;
cysts rare; calcification
rare; edema frequent

Peripheral lobar, occasion-
ally around or in ventri-
cle; demarcation vari-
able; contrast enhance-
ment variable; cysts
occasional; calcification
frequent; edema variable

Fig. 14.—A, Immediate contrast-enhanced CT
scan shows multiple microcysts within chiasmal
pilocytic astrocytoma. Also noted is arachnoid cyst
(asterisk).

B, Delayed contrast-enhanced CT scan. Micro-
cysts fill with contrast medium.

A

pathway or around the third ventricle. The microcysts are
best demonstrated on the immediate postcontrast CT scans
because these cysts may fill with contrast medium on delayed
scans (Fig. 14). Comparison between MR and concurrent CT
scans shows MR to be superior in delineating the tumor
extent, particularly in the postchiasmal optic pathway [8, 11,
12].

The differential diagnosis of juvenile pilocytic astrocytoma

includes craniopharyngioma, germinoma, loculated lepto-
meningeal metastasis, and invasive pituitary adenoma in the
chiasmal region; medulloblastoma and ependymoma in the
posterior fossa; and intraventricular or subependymal oligo-
dendroglioma and ependymoma in the paraventricular cere-
bral hemisphere. Craniopharyngiomas tend to be densely
calcified and often have macrocysts [13], while chiasmal
pilocytic astrocytomas calcify rarely and the cysts are often
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small and multiple. Suprasellar germinoma [14] and loculated
leptomeningeal metastasis, most often from medulloblastoma
in children, can mimic chiasmal pilocytic astrocytoma but
without extension into the optic apparatus. These other tu-
mors are often associated with evidence of diffuse leptomen-
ingeal metastases, a finding never observed in pilocytic astro-
cytoma. Chiasmal pilocytic astrocytomas remain centered in
the suprasellar region when they extend into the pituitary
fossa, while this midline growth may not be observed when
invasive pituitary adenomas extend into the suprasellar cis-
tern. Furthermore, the compressed but noninfiltrated optic
chiasm in pituitary adenomas can be appreciated readily on
state-of-the-art imaging such as MR. Within the posterior
fossa, in contrast to medulloblastoma and ependymoma,
which tend to fill and dilate the fourth ventricle, the cerebellar
pilocytic astrocytoma often extrinsically obliterates the ventri-
cle. Macrocysts, often observed in cerebellar pilocytic astro-
cytomas, rarely occur in the former two tumors. Oligodendro-
glioma within or around the third or lateral ventricles [15, 16]
may be very difficult to distinguish from a paraventricular
pilocytic astrocytoma, but the age of the patient may provide
an important differentiating clue.

In conclusion, the radiologic appearance of pilocytic astro-
cytomas is quite characteristic although not pathognomonic.
They tend to be round or oval, sharply demarcated with
smooth margins, usually without vasogenic edema, and lo-
cated around the third or fourth ventricle. The tumor matrix
is often hypo- or isodense on CT with strong contrast en-
hancement and frequent demonstration of micro- or macro-
cysts. On the basis of the typical radiologic appearance and
age of the patient, a presurgical diagnosis of juvenile pilocytic
astrocytoma can be made with confidence.
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