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Abstract: This study investigated imaging differences of intracranial pilocytic astrocytomas (PA) between children
and adolescents. We retrospectively analyzed imaging data from 19 children and 19 adolescents admitted to Peo-
ple’s Hospital of Rizhao between January 2018 and December 2024. The mean age was 5.95+2.82 years in the
children group and 21.00+3.61 years in the adolescent group. There were no significant differences in sex, extent
of resection, tumor extension, or supratentorial/infratentorial location between the two groups. Tumors were signifi-
cantly larger in the children group compared with the adolescent group (4.39+£1.98 cm vs 3.30+0.88, P=0.035).
Tumors at midline location were more prevalent in the children group compared with the adolescent group (84.21%
vs 31.58%, P=0.001). Significant between-group differences were observed in morphology of regularity (52.63%
vs 10.53%, P=0.005), and obstructive hydrocephalus (36.84% vs 5.26%, P=0.017). However, no significant differ-
ences were observed between groups in terms of tumor type, enhancement pattern, morphology, edema, or DWI
signal. These imaging features, particularly regarding tumor size, midline location, morphological regularity, and
obstructive hydrocephalus, may aid in preoperative diagnosis.
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Introduction

Intracranial pilocytic astrocytoma (PA) is a slow-
growing WHO Grade | tumor classified as a “cir-
cumscribed astrocytic gliomas” in the WHO
2021 system [1]. PA accounts for 5-6% of all
central nervous system gliomas in the general
population, with the proportion increasing to
19.7% in children [2]. Although commonly lo-
cated in midline structures, the brainstem, and
posterior fossa, PA may also involve sites such
as the optic tract, periventricular area, and tem-
poral lobes. However, intraventricular involve-
ment is exceedingly rare. PAs are typically slow
growing tumors with favorable prognosis, with
a reported 20-year survival rate of approxima-
tely 79% [3]. However, when located in regions
where the contrast enhancement and growth
pattern mimic more infiltrative or aggressive
lesions, misdiagnosis may occur [4]. Therefore,
accurate differential diagnosis of PA is very
important.

PA predominantly occurs in children and ado-
lescents. The differentiation of pediatric PA
from adolescent PA is clinically important be-
cause their treatment and prognoses may dif-
fer. However, their accurate differentiation can
be challenging for both pathologists and neu-
roradiologists. Non-invasive imaging methods,
such as computerized tomography (CT) and
magnetic resonance imaging (MRI), are widely
used for PA diagnosis, as they provide both
physiological and morphologic information. Par-
ticularly, diffusion-weighted imaging (DWI) has
become an essential tool in the differential
diagnosis of central nervous system tumors.
Although previous studies have described ra-
diologic features of PA, most did not differenti-
ate imaging findings between children and ado-
lescents [5]. In addition, only a few studies re-
ported MRI features of PA in children and ado-
lescents, and most were case reports or small
series with considerable overlap in convention-
al imaging features [6, 7]. Due to the rarity of
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Intracranial pilocytic astrocytoma patients
between January 2018 and December 2024 (n=49)

Excluded

1. Patients without cooperating with the research (n=2)

2, Presence of heart, liver, Kidney or other organ diseases (n=3)
——) 3. Presence with other malignant tumors (n=1)

4, Patients with hematopoietic dysfunction or mental diseases (n=2)
5. Incomplete medical records (n=3)
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‘ 38 patients were enrolled in this study ‘

Y Y

Children group Adolescents group
(n=19) (n=19)

intracranial PA, its age-related differences in
locations, imaging features, and other charac-
teristics remains largely unclear. Therefore, the
aim of this study was to compare imaging find-
ings and other features of PA between children
and adolescents. The results may enhance the
diagnostic accuracy and support clinical deci-
sion-making and prognostic assessment.

Methods
General information

Between January 2018 and December 2024,
a total of 49 AP patients treated in our hospi-
tal were initially selected for this retrospective
study. According to predefined inclusion and
exclusion criteria, 38 AP patients were finally
included in this study, including 19 children and
19 adolescents (Figure 1). This study was
approved by the Ethics Committee of People’s
Hospital of Rizha (No. 2018-046).

Inclusion criteria: O Diagnosis of AP based on
previously reported criteria [8], confirmed by
pathological examination (Figure 2); @ No con-
traindications to the surgery; 3 Regular follow-
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Figure 1. The flow chart of patient selection.

up after operation; @ Initial diagnosis; & No
previous radiotherapy or chemotherapy; ®
Availability of head MRI and CT imaging data;
(7) Complete medical records. Exclusion crite-
ria: (D Presence of heart, liver, kidney or other
organ diseases; (2 Presence with other ma-
lighant tumors, hematopoietic dysfunction, or
mental diseases.

Data collection

Clinical data of all patients were collected from
electronic medical records, including age, gen-
der, extent of resection, tumor extension, tumor
location, tumor size, tumor morphology, tumor
type, enhancement pattern, obstructive hydro-
cephalus, edema, signal intensity of diffusion
weighted imaging (DWI), and calcification.

Outcomes measures

MRI scanning: MRI was conducted using GE
Signal 1.5T and Siemens Verio 3.0T supercon-
ducting scanners. A head coil was used for all
scanning. Conventional MRI comprised SE and
FSE sequences: SE-TIWI (TR 500 ms, TE 30
ms) and FSE-T2WI (TR 3000 ms, TE 100 ms).
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Figure 2. Pathological findings of PA (HE, x200). Mi-
croscopically, the tumor demonstrated alternating
dense and loose areas with perinuclear halos. Eo-
sinophilic granular bodies and Rosenthal fibers are
visible. Note: PA, Pilocytic astrocytomas; HE, Hema-
toxylin-Eosin.

Images were acquired in transverse, sagittal,
and coronal planes. The field of view (FOV) was
24x24 cm?, matrix was 128x128, and slice
thickness was 10 mm. For DWI scanning, b-val-
ues were set at O (low) and 1000 s/mm? (high).
Contrast-enhanced scanning employed the
Gadopentetate Dimeglumine (Gd-DTPA) and
Gadotericate Dimeglumine (Gd-DOTA) at 0.2
ml/kg, administered at a flow rate of 2 ml/s.

CT scanning: CT scans were conducted using
either a Siemens Somatom Definition Flash CT
scanner or a Philips Ingenuity CT scanner. The
tube voltage was 120 kV and the tube current
was 270 mAs. The parameters were as follows:
scanning speed: 1 revolution per second; slice
thickness: 5 mm and 1 mm; interval 5 ms;
matrix: 512x512.

Image analysis: All imaging data were indepen-
dently reviewed by two senior attending radio-
logists. All images were evaluated in a blinded
manner. In cases of disagreement, a senior
radiologist was consulted to reach a consensus
diagnosis.
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Statistical analysis

Data analysis was conducted using SPSS 22.0.
Continuous variables were expressed as Mean
+ Standard deviation (SD), and the comparison
between two groups was performed using inde-
pendent t test. Categorical variables were pre-
sented as frequencies and percentages (%),
and the comparison between two groups was
performed using x? test. Fisher test was con-
ducted if total sample size was less than 40.
A P-value <0.05 was considered statistically
significant.

Results
Comparison of general information

As shown in Table 1, there were no obvious dif-
ferences in terms of gender, extent of resec-
tion, or tumor extension between the two
groups (all P>0.05). In terms of the tumor lo-
cation, there were 14 supratentorial cases
(73.7%) in children group and 10 cases (52.6%)
in the adolescents group; whereas there were
5 infratentorial cases (26.3%) in children gr-
oup and 9 cases (47.4%) in adolescent group
(P=0.178).

The midline regions of saddle area, basal gan-
glia-thalamic region, ventricles and cerebellar
vermis were defined as midline regions, while
the sites outside the midline regions in cereb-
ral hemispheres and cerebellar hemispheres
were defined as non-midline regions. PA in the
children group predominantly occurred in mid-
line regions, while PA in the adolescent group
mainly occurred in non-midline regions, with a
significant difference between the two groups
(P<0.05).

Comparison of tumor diameter, morphology,
and obstructive hydrocephalus

As shown in Table 2, the mean tumor diameter
in the children group (4.39+1.98 cm) was sig-
nificantly larger than that in the adolescent
group (3.30+£0.88 cm) (P<0.05). In the children
group, 10 cases (52.6%) exhibited regular mor-
phology such as round or sub-round, compared
with 2 cases (10.5%) in the adolescent group
(P<0.05). As shown in Figure 3, obstructive
hydrocephalus occurred in 7 children (36.8%)
and 1 adolescent (5.3%) (P<0.05).
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Table 1. Comparison of general information between children group and adolescent group

Children group

Adolescents group

Parameters (N=19) (N=19) t/x? value P value
Age (Years) 5.95+2.82 21.00+3.61 14.320 <0.001
Gender - 0.508
Male 13 10
Female 6 9
Extend of resection 1.581 0.664
Gross total resection 10 11
Subtotal resection 4 2
Partial resection 3 2
Biopsy 2 4
Tumor Extension 0.364 0.834
Local 16 17
Regional 2 1
Distal 1 1
Tumor Location
Supratentoria 14 10 0.313
Infratentoria 5 9
Midline site 16 6 0.003
Deviation from midline site 3 13
Size of tumor (cm) 4.39+1.98 3.30+0.88 2.193 0.035

Table 2. Comparison of imaging characteristics of pilocytic astrocytomas between children group and

adolescent group

Children group

Adolescents group

Parameters (N=19) (N=19) t/x? value Pvalue

Morphology 0.013
Regularity 10 2
Irregularity 9 17

Type 0.643 0.725
Cystic 1 1
Cystic-solid 13 15
Solid 5 3

The enhancing patterns >0.999
Marked enhancement 18 17
Mild enhancement 1 2

Obstructive hydrocephalus 0.042
Yes 7 1
No 12 18

Edema 0.604
No and mild edema 18 16
Moderate and severe edema 1 3

DWI 0.487
Low intensity signal 19 17
Isointense to slightly hyperintense signal 0 2

Calcification 0.180
Yes 14 18
No 5 1

DWI: diffusion-weighted imaging.
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Figure 3. Obstructive hydrocephalus detected by MRI
scanning. A. Female, 3 years old, MRl image of sad-
dle PA, with obstructive hydrocephalus. B. Female,
23 years old, MRI images of solid PA in the right
basal ganglia area, without obstructive hydrocepha-
lus. The red arrow indicates PA. Note: MRI, Magnetic
resonance imaging; PA, Pilocytic astrocytomas.

Comparison of tumor classification

Based on imaging characteristics of PA shown
in Figure 4, tumors were classified into three
types: (D Cystic type: No significant solid com-
ponents were observed, with or without cyst
wall enhancement; @ Cystic-solid type: Coe-
xistence of solid components and cystic com-
ponents of varying proportions. Moreover, solid
components exhibited variable enhancement
patterns, predominantly showing marked het-
erogeneous enhancement, while cystic areas
showed no enhancement. This subtype was
further subdivided into mixed cystic-solid type
and cystic lesions with mural nodule; 3 Solid
type: No discernible cystic components were
observed, with uniform or heterogeneous en-
hancement.

In the children group, there were 1 cystic case
(5.3%), 13 cystic-solid cases (68.4%) compris-
ing 4 cystic plus with mural nodule and 9 mixed
cystic-solid, and 5 solid cases (26.3%); while in
the adolescent group, there were 1 cystic case
(5.3%), 15 cystic-solid cases (78.9%) compris-
ing 3 cyst-with-nodule and 12 mixed cystic-sol-
id types, and 5 solid cases (15.8%). No signifi-
cant difference were detected between the two
groups (P>0.05).

Comparison of image enhancement, DWI sig-
nal, and peritumoral oedema

As shown in Figure 5, mild tumor enhancement
was observed in 1 case (5.3%) in the children
group and 2 cases (10.5%) in the adolescent
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group, and all other cases exhibited marked
tumor enhancement. All tumors in the children
group displayed low DWI signal intensity, while
2 adolescent cases (10.5%) showed isointense
to slightly hyperintense signals, with others pre-
senting low signal intensity. Peritumoral oede-
ma was observed in 1 case (5.3%) in the chil-
dren group and 3 cases (15.8%) in the ado-
lescent group, all presenting moderate to se-
vere oedema; the remaining cases exhibited
mild or no oedema. None of these differences
were statistically significant between groups
(P>0.05).

Comparison of calcification

As shown in Figure 6, calcifications appeared
as punctate, patchy, or shell-like shape. Calci-
fication was observed in 14 out of 19 cases
(73.7%) in the children group, which was com-
parable to 18 out of 19 cases (94.7%) in the
adolescent group (P>0.05).

Discussion

Gliomas originate from neuroepithelial tissue
and represent a clinically prevalent intracranial
tumor, often exhibiting cystic degeneration and
necrosis [9]. The most prevalent subtype of gli-
oma is astrocytoma, a common pediatric brain
tumor. Pathologically, astrocytomas are classi-
fied into four grades: Grade | and Il astrocyto-
mas exhibit well-differentiated features and
are considered benign or borderline malignant,
whereas Grade lll and IV astrocytomas are
malignant, characterized by diffuse infiltrative
growth with indistinct margins. In 1937, Penfield
designated this tumor pilocytic astrocytoma
(PA) based on the fine, hair-like glial fibers pro-
jecting from both ends of the tumor cells [10].
PA accounts for approximately 4.0%-5.0% of
intracranial gliomas and is classified as Grade |
astrocytoma. PA is a well-defined, slow-growing
astrocytoma with a favorable prognosis, pre-
dominantly affecting children and adolescents,
occasionally in adults, with a slightly higher inci-
dence in males [11].

This retrospective analysis identified two inci-
dence peaks at 0-10 years and 15-25 years,
consistent with previous literature indicating a
predilection for childhood and adolescence
[12]. PA frequently arises near the intracranial
midline, including regions such as the cerebel-
lum, optic nerves, and hypothalamus, whilst
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Figure 4. Tumor classification detected by MRI scanning. A. Female, 15 years old, MRl images of cystic right cerebel-
lar hemisphere PA, with cystic type. B. Female, 10 years old, MRI image of mixed cystic solid PA in cerebellar vermis.
C. Male, 15 years old, MRI images of left cerebellar hemisphere cyst-with-nodule PA. D. Female, 22 years old, MRI
images of solid PA in the right basal ganglia area. The red arrow indicates PA. Note: PA, Pilocytic astrocytomas; MRI,

Magnetic resonance imaging.

Figure 5. Image enhancement, DWI Signal, and peritumoral oedema in PA.
A. The lesion appeared as a solid mass with regular contours, exhibiting het-
erogeneous T2 signal intensity. The slightly hyperintense T2-weighted region
demonstrated isointense to slightly hyperintense DWI signal with marked
enhancement. The extremely hyperintense T2-weighted region showed hy-
pointense signal on DWI with minimal enhancement. No perilesional oe-
dema was observed. B. The lesion exhibited an irregular shape with long T1
and long T2 signal intensity resembling cerebrospinal fluid, demonstrating
uniform signal intensity. Mild peripheral enhancement was observed with-
out surrounding oedema. C. The nodular component exhibited isointense
T2 signal, with no enhancement of the cyst wall. The solid nodular com-
ponent demonstrated marked, woolly-ball-like nodular enhancement. The
red arrow indicates PA. Note: DWI, Diffusion weighted imaging; PA, Pilocytic
astrocytomas.

less common sites include cerebral hemi-

scopically by a mixture of hair-
like astrocytes and sparse
mature glial fibres [16].

Currently, CT and MRI are
widely used and highly valu-
able imaging modalities in
clinical practice [17, 18]. With
advances in medical imaging
technology, the precision of
CT, MRI and other techniques
has improved markedly, sub-
stantially improving the diag-
nosis of malignant tumors
[19]. Owing to the rich vascu-
larity of PA, the solid compo-
nents-including wall nodules
and cyst walls-typically exhibit-
ed uniform or heterogeneous
enhancement. Insome tumors,
only solid elements such as
mural nodules enhance, whilst
cyst walls show minimal or no
enhancement; certain cystic

cases may demonstrate no enhancement at

spheres, ventricles, and the spinal cord [13].
Previous reports indicating a higher incidence
of subparietal lesions than supratentorial le-
sions in children are inconsistent with the pres-
ent findings, potentially due to insufficient case
numbers or non-single-center case collection.
The prevalence of supratentorial lesions in indi-
viduals over 20 years old [14], particularly in
cerebral lobes [15], is consistent with this
study. Diagnosis of PA is based on the identifi-
cation of Rosenthal fibers, characterized micro-
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all. The pathological basis for this enhance-
ment differs from most other tumors. Generally,
enhancement intensity in brain tumors corre-
lates positively with malignancy: higher malig-
nancy correlates with more immature tumor
vasculature and greater disruption of the blood-
brain barrier. However, studies have shown
the presence of contrast-filled endocytic vesi-
cles within vascular cells of PA following con-
trast administration [20]. This demonstrates
that contrast enhancement in PA arises from
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Figure 6. CT image of intraventricular PA showing
mixed cystic-solid lesions with heterogeneous low
density, multiple patchy calcifications around the
periphery, and obstructive hydrocephalus of the ven-
tricular system. Note: PA, Pilocytic astrocytomas; CT,
Computerized tomography.

increased capillary permeability rather than
blood-brain barrier disruption.

Non-enhanced cyst walls on contrast-enhanc-
ed imaging are considered pseudocysts, likely
composed of reactive glial proliferation or com-
pressed brain tissue. In contrast, enhanced
cyst walls mimic histological features of solid
components and wall nodules, comprising ac-
tive tumor cells and proliferative neovascula-
ture. Previous studies have reported that CT
values in PA correlate with vascular permeabil-
ity, exhibiting characteristic imaging features
such as cystic wall nodules or solid masses
[21]; histopathological findings also varied sig-
nificantly among PA subtypes [22], supporting
that imaging could provide valuable guidance
for surgical planning. CT provides high-resolu-
tion cross-sectional images that clearly delin-
eate lesion size, location, and morphology, the-
reby holding significant diagnostic value for
tumor assessment [23]. Due to the high protein
content of PA cyst, plain CT scans typically
reveal low-density cystic areas, while solid com-
ponents appear isodense or slightly hypoden-
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se. Calcification occurs in approximately 11%
of PAs and presents hyperdense on plain CT
scans [24]. The scattered hyperdense calcifica-
tions on CT scans observed in this study align
with previous research reports [25]. Overall, CT
generally serves only as a screening tool for
detecting finer calcifications that are challeng-
ing for MRI, yet its plain scan features provide
limited discriminatory advantages.

MRI is a more clinically valuable imaging modal-
ity than CT, capable of producing cross-section-
al, coronal, and sagittal views simultaneously.
MRI scanning provides the clearer visualization
of tumors and surrounding structures, thereby
enhancing diagnostic accuracy. Some studies
suggested that characteristic MRI features of
PA could potentially enhance preoperative di-
agnostic accuracy [26, 27]. Further studies
indicated that CT demonstrates lower specifici-
ty and accuracy than MRI in diagnosing PA, with
statistically significant differences. MRI consis-
tently reveals characteristic features aligned
with PA pathology, including lesion morphology,
signal characteristics, and enhancement pat-
terns. In MRI imaging, the degree of enhance-
ment in gliomas typically correlate positively
with malignancy, as higher grade exhibit imma-
ture vascular development and greater blood-
brain barrier disruption, resulting in marked
enhancement. The pronounced enhancement
typically seen in PAs may be attributed to po-
rous endothelium of neovascularisation and
hyaline change of proliferating microvascular
walls, both of which facilitate contrast extrava-
sation. Typical enhancement patterns of PA
include: M Extremely long T2 with marked en-
hancement, reflecting loose tissue structure,
high water content, and vascular hyperperme-
ability. This feature is typically seen in PA and
chordoid glioma; the latter is generally confined
to specific sites and exhibit relatively lower sig-
nal intensity than PA on non-contrast scans
[28]. @ Ground-glass or “woolly-woolly” enhan-
cement, resembling high-grade gliomas but
with low DWI signal intensity, which is believed
to result from gadolinium leakage secondary
to necrosis-related inflammation or vascular
hyperpermeability. This imaging feature, ter-
med “the cut green pepper sign” [29], has
gained widespread recognition among radiolo-
gists. 3 Non-enhancement or minimal en-
hancement, occurred when tumors possess-
ed well-developed vasculature and a relatively
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intact blood-brain barrier [30]. The two cases
of minimal enhancement in this study fell into
this category.

PA are typically associated with absent or mild
oedema, further supporting their benign nature.
Moreover, cystic-solid tumors predominate in
PA classification. In this study, 28 cases (74%)
were cystic-solid, consistent with previous lit-
erature [31]. Except for T2 penetration effects
[32], higher DWI signal intensity in intracranial
tumors generally correlates with increased
malignancy [33]. In this study, 36 PA lesions
exhibited low DWI signal intensity, with only
two exhibiting isointense to slightly hyperin-
tense signals, further confirming the benign
nature of PA. Previous literature has reported
that PAs predominantly exhibit high enhance-
ment and perfusion [16]. However, other stud-
ies have indicated that despite marked en-
hancement, most PAs show minimal microvas-
cular proliferation and slow blood flow, typically
presenting as low perfusion [34]. Further MRI
perfusion studies are warranted to clarify these
discrepancies.

In clinical practice, intracranial PAs should be
cautiously differentiated from several other
intracranial lesions, with particular attention
to age of onset, tumor location, and imaging
characteristics. For example: (U Other-grade
gliomas: Grade Il diffuse astrocytomas typically
demonstrate indistinct margins with absent or
weak enhancement. As tumor grade increase,
enhancement becomes more pronounced, cys-
tic necrosis becomes more prevalent, and DWI
signal intensity gradually increases. High-grade
gliomas are more common in the elderly [35].
Oligodendrogliomas predominantly occurs in
the frontal lobe and characteristically exhibit
band-like calcifications [36]. Ependymomas ra-
rely exhibit ground-glass/woolly enhancement;
they are closely associated with lateral ventri-
cle walls and may mold to the shape of the
fourth ventricle when located there [37]. @
Solitary metastatic lesions: Metastases com-
monly involve the grey-white matter junction
within the cerebral hemispheres, tend to devi-
ate from midline structures, and are often ac-
companied by significant oedema. They are
more prevalent in the elderlies and can be
easily distinguished if a primary malignancy is
known. (3 Sellar region tumors: The differen-
tiation from craniopharyngioma and pituitary
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adenoma is essential. Craniopharyngioma fre-
quently exhibit shell-like calcification, while
pituitary adenomas are associated with loss of
normal adenohypophyseal signal and frequent-
ly manifest endocrine disturbances [38]. Sella
PA predominantly occurs in infants and is
referred to as ‘infantile-type’ PA, indicating its
younger age of onset [39]. @ Haemangio-
blastoma: The classic diagnostic triad of hae-
mangioblastoma includes peritumoral oede-
ma, hyperenhancement with increased perfu-
sion of the nodular components, and pro-
minent flow voids [40].

Conclusion

Intracranial PAs exhibit two peak incidence
periods: 0-10 years and 15-25 years with dif-
ferences in lesion location, obstructive hydro-
cephalus, tumor size, and morphology between
the two age groups. PAs typically present
marked heterogeneous enhancement, low DWI
signal, mild or absent peritumoral oedema, a
predominantly cystic-solid composition, and
frequent calcifications, making diagnosis gen-
erally straightforward. When differentiation re-
mained difficult, surgical pathology was re-
quired for definitive confirmation.

However, there are some shortcomings of this
study, including single-center study with a small
sample size, lack of long-term follow-up data,
absence of subgroup comparison, and no in-
vestigation of underlying mechanism. Future
multicenter studies with larger sample size and
extended follow-up are needed to further con-
firm these findings.
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