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Pilocytic astrocytoma is a WHO grade I tumor usually diagnosed
in pediatric patients, and rarely encountered in the adult popula-
tion. Therefore, available information about the magnetic resonance
imaging characteristics of adult pilocytic astrocytoma is scarce. We
report on the MRI features and corresponding histopathologic find-
ings of six consecutive aPA cases diagnosed. The tumors were en-
countered in both infra- and supratentorial compartments, and their
MRI characteristics were quite heterogeneous. Features included
the typical solid-cystic appearance located in the cerebellum as well
as the relatively unusual multifocal and/or hemorrhagic features lo-
cated intra-ventricularly. The aPA MRI characteristics are remarkably
variable, and might mimic those of higher grade tumors in adult pa-
tients.
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1. Introduction
Pilocytic astrocytoma (PA) accounts for approximately

1.5% of adult brain tumors, with only sporadic cases being
reported after the age of 50 [1, 2]. While the imaging fea-
tures of pediatric PA (pPA) have been extensively reported
in the literature [3], descriptions of adult PA (aPA) magnetic
resonance imaging (MRI) characteristics are scarce. To our
knowledge, only a few descriptions are available from case re-
ports focusing on clinical presentations and/or surgical find-
ings [4–6]. Here, we report on theMRI signal, morphological
appearance, contrast enhancement patterns, and locations of
six sporadic (i.e., NF1-unrelated) aPA cases, which were con-
secutively imaged, biopsied and/or treated at our institution,
and provide histopathologic correlation.
2. Cases presentation

We report on the cases of five males and one female,
over 18 years of age at diagnosis, who were clinically eval-
uated, imaged, surgically treated and/or biopsied at the
Neurocenter of Southern Switzerland. In all cases, multi-
planar T2-weighted turbo-spin-echo (TSE), T2*-weighted

gradient-echo (GRE), fluid-attenuated-inversion-recovery
T2-weighted, diffusion-weighted-imaging, and pre- and
post-gadolinium T1-weighted fast-GRE images, were avail-
able. High-resolution steady-state free-precession (SSFP)
(cases 1 and 4 only), and T2* perfusion-weighted imaging
(case 4 only), were also obtained as specified.

Brain tissue specimens were routinely prepared in
formalin-fixed paraffin-embedded (FFPE) blocks beforeH&E
staining. Immuno-histo-chemistry (IHC) was performed on
2-µm-thick FFPE sections. Antibodies for ATRX (poly-
clonal; 1:400; Sigma Aldrich; St. Louis, Missouri/USA),
CD3, CD20, CD34, CD68, GFAP, IDH1, Ki67, NFP and p53
were tested. Exon 4 of the IDH1 gene, exon 4 of the IDH2
gene and exon 15 of the BRAF gene were tested by direct se-
quencing, without finding any mutation. All tumors were
pathologically confirmed, according to the 2016 WHO CNS
Tumor Classification [7]. Histopathology descriptions of the
H&E stains are listed for each case in the figure legends.
2.1 Case 1

A 71-year-old man presented with a 2-year history of
urinary incontinence, ataxia, gait disturbances and episodic
memory loss. MRI imaging demonstrated a 4 mm, well-
defined, nodular enhancing lesion within the Sylvian aque-
duct, causing obstructive hydrocephalus (Fig. 1). A biopsy
was obtained and a third-ventriculostomy was performed,
leading to clinical improvement. A one-year follow-up MRI
demonstrated stability of the residual lesion (not shown).
2.2 Case 2

A 43-year-old man complained of 2-year history of gait
disturbances and fatigue. On MRI (Fig. 2) a multicystic ex-
pansile lesion centered in the left cerebellar hemisphere was
detected, with well-defined margins and intralesional hem-
orrhage. A solid mural nodule showed partial but intense
contrast-enhancement. There was moderate compression of
the fourth ventricle, without hydrocephalus. After total re-
section, the patient’s symptoms gradually resolved.
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Fig. 1. Case 1. Unusual presentation of an intra-aqueductal aPA causing obstructive hydrocephalus. Sagittal plane reconstructed 3D steady-state (A) and post-
gadolinium 3D T1-weighted fast-gradient-echo (B) images, show a small, oval-shaped, enhancing nodule within the mesencephalic aqueduct (arrowheads).
Coronal T2-FLAIR (C) demonstrates associated triventricular hydrocephalus (asterisks) with transependymal CSF resorption. Microscopically (D) this tumor
exhibits a typical densely fibrillary matrix, comprising spindle cells with elongated nuclei and mild atypia, Rosenthal fibers (thick arrow) and eosinophilic
granular bodies (thin arrow).

2.3 Case 3

A 31-year-old female presented with a 2-year history of
worseningmigraine, andmild gait disturbances. MRI (Fig. 3)
revealed a solid exophytic mass originating from the poste-
rior aspect of the medulla oblongata. The lesion presented
mildly hyperintense T2-signal, and minimally increased wa-
ter diffusivity, with multinodular/patchy enhancement. No
mass effect was present. At a two-year follow-up, MRI
showed tumor growth, which prompted complete surgical
resection with resulting resolution of symptoms.

2.4 Case 4

A 21-year-old man presented with a 3-month history of
vertigo and bilateral visual acuity deficit, and bilateral pap-
illary edema. MRI (Fig. 4) showed a heterogeneous mul-
ticystic mass with a solid component, originating from the

quadrigeminal plate and extending into the fourth ventri-
cle, causing hydrocephalus. The solid part exhibited in-
tense contrast-enhancement. Dynamic susceptibility perfu-
sion imaging showed increased relative cerebral blood vol-
ume (rCBV) values (1.79) with respect to the adjacent un-
affected brainstem. After subtotal resection and ventricular
shunt, patient’s symptoms improved. Residual tumor was
stable at one-year MRI follow-up (not shown).

2.5 Case 5

A19-year-oldman presentedwith a first time tonic-clonic
seizure, following alcohol and cannabis abuse. A multifocal
presentation was seen on MRI (Fig. 5) with two left tem-
poral lobe nodular lesions. Lesion 1 was centered in the
cortico-subcortical junction, had a target appearance with a
T2-hypointense peripheral rim exhibiting intense contrast-
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Fig. 2. Case 2. Cystic-Hemorrhagic aPA. Sagittal T2-weighted (A) andT1-weighted images after contrast (B) show aT2-bright cystic lesion (arrowheads), with
a slightly hyperintense nodule with patchy enhancement located in the cerebellar hemisphere. ADC signal intensity (C) is slightly increased in comparison to
the adjacent white matter (arrowheads). Axial T2*-weighted images (D) demonstrate signs of hemosiderin deposition lining one of the cyst walls, and a small
fluid level, indicating chronic intratumoral hemorrhage. Histologically, the solid part of the tumor corresponds to areas with a piloid pattern, with cytologically
bland cells and eosinophilic granular bodies (arrows in E), as well as other areas (F) with a looser architecture exhibiting microcystic changes, round-to-ovoid
cells (arrows), a pseudoangiomatous hypervascular pattern and large pleomorphic cells (arrows in G). These were interpreted as regressive changes, because
of the presence of only rare mitoses and the very low Ki-67 proliferative index (about 3%).
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Fig. 3. Case 3. Exophytic aPA. Sagittal plane reconstructed 3D T2-FLAIR (A) shows a solid, exophytic mass originating from the dorsal aspect of the medulla
and growing into the cisterna magna (arrow). The mass presents substantial T2-FLAIR signal isointensity compared to the cerebellar cortex, and a patchy
enhancement after gadolinium injection (B). On the ADC map (C) the lesion showed minimally increased diffusivity (arrow), as compared to the medulla.
Microscopically (D) this tumor exhibits a loose, fibrillary matrix rich in Rosenthal fibers and eosinophilic granular bodies (thin arrows), comprising elongated,
spindle cells, without relevant atypia (thick arrows).

enhancement, and was surrounded by vasogenic edema. Le-
sion 2 was a subependymal nodule abutting into the ven-
tricular trigone, with heterogeneous T2-signal and central
contrast-enhancement. Lesion 1 was biopsied, which re-
vealed aPA. The patient declined surgery and was lost to
follow-up.

2.6 Case 6

A 38-year-old man presented with a 4-week history of
phosphenes, ocular pain and vomiting. MRI (Fig. 6) re-
vealed a heterogeneous solid intraventricular mass in the left
frontal horn compressing the foramen ofMonro, withmulti-
ple foci of internal chronic hemorrhage, heterogeneous inter-

nal patchy enhancement with multiple cystic and/or necrotic
components, as well as increased water diffusivity with re-
spect to the unaffected parenchyma. The mass caused ven-
tricular entrapment. The patient underwent complete resec-
tion and his symptoms resolved.

3. Case discussion
In the pediatric population PA exhibits a wide, yet well

described range of imaging features. While the most typi-
cal imaging pattern is that of an oval mass with cystic and
enhancing solid components in the cerebellar hemisphere or
anterior visual pathways, more heterogeneous appearances
are also relatively frequent [3, 8]. In our aPA cases we en-
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Fig. 4. Case 4. aPA causing obstructive hydrocephalus. Sagittal plane reconstructed 3D steady-state “CISS” (A) and post-gadolinium 3DT1 fast GRE (B) images
demonstrate a solid-cystic mass (arrowheads in A) with intense contrast enhancement (arrows in B), originating from the quadrigeminal plate, and causing
aqueduct compression with triventricular hydrocephalus. The solid component of the mass shows inhomogeneous T2 hyperintensity (C – axial T2 TSE
image), and moderately increased rCBV (1.79) as compared to the normalWM (ROIs D – see also ROIs in C). The corresponding perfusion time-signal curve
(E, arrow) shows only partial signal recovery after first pass contrast enhancement, consistent with a fenestrated brain-tumor-barrier (please see discussion
section for more details). The histological findings (F) demonstrate a densely, fibrillary texture with bland cells, some Rosenthal fibers (thick arrows) and
eosinophilic granular bodies (thin arrows).

countered a variety of MRI features, with an assortment of
associated heterogeneous histopathology patterns, on which
we comment below.

3.1 Morphology and MRI signal features

We found the classical pPA appearance of a large cyst with
enhancing mural nodule in only two out of six adult cases.
In the remaining four cases we observed a nodular pattern
with a completely solid ormixed cystic-solid appearance. The
T2 signal intensity was variable, including frankly heteroge-
neous, high signal textures (in cases 4, 5, 6), as well as a rel-
atively homogenous and slightly hyperintense signal, com-
pared to the cortex (in cases 1, 2, 3).

Interestingly, despite being low-grade tumors, enhance-
ment often occurs in PA, which is thought to occur due
to fenestrations in the blood-tumor barrier leading to the
contrast extravasation [9]. Enhancement patterns were
patchy/irregular in 50% (cases 2, 6, 3), nodular/solid in two
patients (cases 1, 4, 5-lesion 1), and rim-like in one patient
(case 5-lesion 2). Hemorrhage and necrosis are uncommon
findings in pPAs (about 8%) [3]. However, two (28.6%)

adult patients (2 and 6) remarkably showed signs of intratu-
moral hemorrhage on T2* images. The variegated enhance-
ment patterns and the presence of hemorrhage may mimic
more common lesions in the adults, such as metastasis, he-
mangioblastoma, or higher grade glioma [10]. On the other
hand, some aPA features, including cystic changes, well de-
fined margins and relatively small size, were also described in
IDH-mutant gliomas [11, 12]. In our aPA cases, water diffu-
sivity was always increased and/or similar to the unaffected
brain parenchyma in all cases, as opposed to malignant hy-
percellular tumors which frequently exhibit a relatively re-
stricted water diffusivity, particularly IDH-wild type gliomas
[11, 13]. Other sequences, such as perfusion-weighted imag-
ing, have shown promise to discriminate glioma IDH status
in a recent research [14]. In our cases, perfusion imaging was
available in case 4 only. The rCBV was moderately increased
(1.79) with respect to the normal appearing parenchyma, a
non-specific value overlapping with other tumors [15].
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Fig. 5. Case 5. A case of multifocal and morphologically multifaceted aPA presentation. Axial T2-weighted image (A1) shows a cystic-like lesion with mild
vasogenic edema in the left temporal lobe subcortical white matter (arrows), with a thin, T2-hypointense and intensely enhancing rim on T1-weighted post-
gadolinium images (B1). More caudally, (A2) shows a subependimal nodule abutting in the left ventricular atrium (arrow), with minimal vasogenic edema,
and subtle core enhancement (arrow in B2). ADC map (C) demonstrates increased water diffusivity. Microscopically (D) this tumor exhibits a loose pattern
with regular, round cells, with remarkable microcystic, pseudo-oligodendroglial changes (dashed circle), sometimes forming pseudorosette-like structures,
with granular eosinophilic bodies (arrows) and rare mitoses. Ki-67 expression was approximately 10%.

3.2 Location
With respect to the most frequent locations encountered

in the pediatric population (the cerebellum and the optic
pathways [1–3]) a relatively diverse distribution was noted in
our aPA cases, involving both the infratentorial and supra-
tentorial compartments. Four (57%) were located infraten-
torially, one in the temporal lobe, and one in the lateral ven-
tricle. Interestingly, case 5 presented with a multifocal pat-
tern, a rare feature in PA that might reflect a dissemina-
tion along white matter tracts [16], and may be more fre-
quently encountered in IDH-wild type than IDH-mutated
glioma [11]. Three lesions (50%) were located within the
ventricular system and caused symptomatic hydrocephalus.
Remarkably, one of these was centered in the mesencephalic
aqueduct (case 1), which is, to the best of our knowledge, a lo-
cation never described before for aPA. Therefore, PA could
be considered in the differential diagnosis of intraventricu-
lar tumors more frequently encountered in adults in this lo-
cation, including central neurocytoma, subependymoma, or
chordoid glioma [10].

3.3 Histopathology

The majority of our adult cases showed a fibrillary ma-
trix with Rosenthal fibers and eosinophilic granular bodies,
typically encountered in pPA [17]. Interestingly, however,
case 5 additionally exhibited some pseudo-oligodendroglial
figures, a relatively unusual finding in pPA. Moreover, cases
2 and 6 well reflected the highly heterogeneous appearance
seen onMRI, with both solid piloid textures, as well as cystic-
like areas with necrosis and pleomorphic large cells. This
large spectrum of morphology represents a potential chal-
lenge to the pathologist, and confirmatory molecular testing
would be needed to definitely support diagnosis. Indeed, PAs
may share many features with the glial component of gan-
glioglioma. Ganglioglioma is a well-differentiated glioneu-
ronal tumor composed of dysplastic ganglion cells in com-
bination with neoplastic glial cells [18]. In our opinion, the
large ganglion-like cells seen in case 5 were likely related to
regressive changes, rather than dysplastic alterations (see also
Fig. 2G). These cells represented only a small part of the tu-
mor, which was composed by a prominent neoplastic glial
population. Additionally, we did not observe other histo-
logic features typically identified in ganglioglioma, such as
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Fig. 6. Case 6. A case of supratentorial intraventricular aPA presenting with hydrocephalus, located in the left frontal ventricular horn and compressing
the foramen of Monro. Axial T2-weighted (A) shows a hyperintense solid mass with heterogeneous core signal (arrows and arrowhead) and hemorrhagic
deposits on T2*-weighted images (asterisk in C) indicative of necrosis. The corresponding T1-weighted image after gadolinium injection (D) shows marked
inhomogeneous enhancement mostly at the level of the lesion core. Increased water diffusivity was demonstrated on the ADCmap (asterisk in C). This tumor
shows different histopathology patterns, varying from a relatively solid, biphasic arrangement (dashed line) alternating with compact and loose tissue textures
containing mild to moderate cellularity (E), to other regions with ectatic hyalinized vessels (“v” in F). A necrotic area (n) with hemorrhage was also present
(G).

calcifications, extensive lymphoid infiltrates in the perivascu-
lar spaces, tumor, brain parenchyma, and/or prominent cap-
illary networks [18]. Importantly, while the BRAF V600E
mutation represents the most common genetic alteration in
ganglioglioma, it may not be employed per se as a diagnosis-
making criterion because it is relatively frequent in PAs as
well [19]. One limitation of our methodology was that we
tested the BRAF gene exon 15 by direct sequencing only,
without information about BRAF-KIAA1549 fusion. In a
recent study, BRAF V600E mutation was detected in 8.9%
of pediatric and 9.75% adult PAs, whereas 41.1% and 25.7%
of pediatric and adult cases showed KIAA1549-BRAF fu-
sions, respectively [20]. On the one end, testing for BRAF-
KIAA1549 fusion or BRAFV600Emutation may help to dis-
tinguish between distinct tumors with histologically simi-
lar appearances; on the other hand, these alterations are not
present in the majority of PAs, and may not be used as a
certainty criterion to make diagnosis. Another limitation is
the lack of the H3 K27M mutation analysis. While patho-
logic features of the rare tumors harboring this alterationmay

mimic PAs, howeverH3K27Mmutated tumors usually show
a high-grade histopathology appearance [21].

4. Conclusions
A variety of imaging presentation patterns character-

ized our aPA cases, corresponding to the heterogeneous and
sometimes unusual tissue characteristics demonstrated by the
histopathology results. PA rarely occurs in adulthood, but it
might represent an MRI mimicker of higher grade tumors,
particularly due to its variable morphology, MR signal and
contrast enhancement features.

Abbreviations
PA, Pilocytic Astrocytoma; aPA, adult Pilocytic Astro-

cytoma; pPA, pediatric Pilocytic Astrocytoma; MRI, Mag-
netic Resonance Imaging; WHO, World Health Organiza-
tion; CNS, central nervous system; TSE, Turbo-Spin-Echo;
GRE, Gradient-Echo; rCBV, relative Cerebral Blood Vol-
ume; H&E, hematoxylin and eosin.
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