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Abstract

Introduction: Astrocytomas of the cerebellum are non-malignant central nervous system tumors. They account for
10% of all brain tumors in children within the skull and 30% of all tumors in the back part of the brain in children,
particularly in the first 20 years of life.

Methods: We retrospectively assessed the medical histories of patients, documenting their age at the time of operation,
pre- and post-surgery MRI scans, tumor location, presence of hydrocephalus, surgical method, and neurological
condition before and after surgery, post-surgery supplementary treatment, and the results.

Results: The ratio of males to females was 33:17. The age at the time of assessment varied from 3 to 19 years, while the
age at the time of surgery ranged from 1 to 18 years. The follow-up period after surgery was between 1 and 12 years.
In twenty-eight patients, the tumor was located in the cerebellar vermis, whereas 22 harbored hemispheric cerebellar
astrocytoma. A total of 76% of these patients underwent complete surgical removal of the tumor. Nine patients required
a second surgery due to remaining tumor tissue. A ventriculoperitoneal shunt was inserted in 5 out of 50 patients due to
symptomatic hydrocephalus, and three patient underwent an endoscopic third ventriculostomy before surgery.

Conclusion: Astrocytomas in the cerebellum are non-malignant tumors, and in most instances, they can be entirely
removed through surgery, leading to highly favorable results.
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Introduction

In children, juvenile pilocytic astrocytoma located in the cerebellum is generally recognized as a cyst-like growth with a
solid section, often resulting in a positive outcome following surgical removal [1, 2]. Magnetic resonance imaging (MRI)
has been instrumental in diagnosing and improving the assessment of treatment outcomes [3, 4]. Additionally, it has
facilitated the identification of various subtypes of low-grade astrocytomas that differ in radiological characteristics and
anatomical positioning from the traditional variant [1, 3, 5]. The purpose of this research is to investigate if the varying
positions (either in the hemisphere or vermis) or consistencies (solid versus cystic) of cerebellar pilocytic astrocytomas,
despite having the same histopathological characteristics, have any significance in a clinical context.
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Materials and Methods

Our study retrospectively analyzed 50 individuals who underwent surgery for cerebellar pilocytic astrocytomas at our
facility between January 2015 and March 2024. Each patient was required to have MRI scans before and after the
operation, along with a confirmed diagnosis of cerebellar pilocytic astrocytoma. We examined the patients’ medical
histories, focusing on their age during surgery, MRI scans before and after surgery, tumor location, the occurrence of
hydrocephalus, the method of surgery, neurological condition before and after surgery, any additional treatments
following surgery, and the final results. Patients were monitored post-surgery at intervals of 1, 3, and 6 months, annually
after the first year, and then once every year thereafter.

The study reassessed the tumor’s position (either in the vermis or the cerebellar hemisphere) and its consistency
(whether solid or cyst-like) based on these tests. All pathological test results were examined, and instances of anaplastic
astrocytoma and glioblastoma multiforme were omitted from the research. Tissue samples fixed in formalin and
embedded in paraffin were used to create microscopic slides. These sections, which were 4 micrometers thick, were
dyed with hematoxylin and eosin. Additionally, every case underwent immunohistochemical staining to detect
synaptophysin, glial fibrillary acidic protein, neuronal nuclear antigen, and Ki-67.

Results

This investigation included 50 children who fulfilled the study’s eligibility requirements: they were diagnosed with
cerebellar astrocytoma and had undergone contrast-enhanced MRI before surgery, as well as regular MRI monitoring for
a minimum of 12 months post-surgery. The gender distribution was 33 males to 17 females. The ages at assessment
varied from 3 to 19 years, with an average of 13.46 years (standard deviation +4.26 years), while the ages at surgery
ranged from 1 to 18 years, with an average of 7.89 years (standard deviation +4.82 years). The follow-up period spanned
from 1 to 12 years, averaging 4.8 years (standard deviation £2.77 years). Headaches were the most frequently reported
initial symptom, affecting 78% of patients. Additional symptoms at the onset included vomiting (72%), difficulty walking
(48%), neck stiffness (22%), double vision (8%), visual problems (6%), and developmental delays (6%). Initial
neurological assessments revealed papilledema in 82% of patients, ataxia in 58%, nystagmus in 30%, dysmetria in 22%,
speech difficulties in 4%, and impaired rapid alternating movements in 4%. Symptoms had been present for a duration
ranging from 10 days to eight months. A summary of the initial symptoms and neurological observations can be found in
Table 1.

Table 1. Patient’s presenting signs and symptoms

Presentation Patients (%)

Symptoms

Headache 39 (78%)
Vomiting 36 (72%)
Gait disturbance 24 (48)
Neck stiffness 11 (22%)
Diplopia 4 (8%)
Visual impairment 3 (6%)
Developmental delay 3 (6%)
Signs

Papilledema 41 (82%)
Ataxia 29 (58%)
Nystagmus 15 (30%)
Dysmetria 11 (22%)
Dysarthria 2 (4%)
Dysdiadochokinesia 2 (4%)
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In the MRI scans, solid tumors were found in 13 patients, which is 26% of the total, while cystic tumors with a mural
nodule were identified in 23 patients, making up 74% of the total. Pilocytic astrocytomas were present in the vermis of
28 patients (56% of the total), with 22 of these patients having cystic tumors and the remaining six having solid tumors
in the vermis. Brain MRIs revealed hemispheric lesions in 24 patients (48% of the total), with 17 of these lesions (70.8%)
on the left and 7 (29.2%) on the right. Among these 24 patients, 18 (75%) had cystic cerebellar tumors with a mural
nodule, and 6 (25%) had solid cerebellar tumors.

The World Health Organization (WHO) has a system for categorizing tumors of the central nervous system (CNS), which
includes cerebellar tumors. The WHO criteria state that tumors displaying a two-phase structure, consisting of densely
packed bipolar cells and more dispersed multipolar cells, along with Rosenthal fibers and eosinophilic granular bodies,
are classified as pilocytic astrocytoma, which is a WHO grade 1 tumor. The presence of Glial fibrillary acidic protein
(GFAP) is particularly notable in the bipolar cells. Typically, the Ki-67 labeling index, which indicates cell proliferation, is
less than 1%.

Before surgery, 80% of the patients, amounting to 40 individuals, were diagnosed with hydrocephalus. Nine patients
experienced lethargy as a result of obstructive hydrocephalus and underwent surgical intervention. Of these, five had a
ventriculoperitoneal shunt placed, while three patients were treated with endoscopic third ventriculostomy. Following
the operations, no patients needed surgical intervention for hydrocephalus.

During the procedures, patients were positioned upright. For tumors located in the vermis, a suboccipital craniotomy
was conducted without removing the C1 arch. For tumors in the hemispheres, a suboccipital paramedian cut was made
on the affected side. The goal was to completely remove the tumor in all cases, except for four where the cerebellar
peduncle was involved. Complete removal was achieved in 38 patients (76%), while a partial resection was performed in
12 patients (24%). The presence of any remaining tumor was detected in the early postoperative MRI scans.

In the period following surgery, there was no ongoing occurrence of hydrocephalus. Out of 12 patients, nine required a
second surgery because the remaining tumor had grown, and in these cases, the tumor was completely removed. Three
other patients, who had not had the entire tumor removed in the initial surgery, received radiotherapy afterwards. Early
complications after the surgery included ataxia in 18% of patients, difficulty swallowing in 12%, mutism also in 8%, and
cerebrospinal fluid (CSF) leakage in 8%. There were no fatalities following the surgery.

Discussion

Multiple factors influence patient outcomes following treatment, including the thoroughness of the tumor removal,
whether the brain stem was affected, instances of tumor return, the effectiveness of radiotherapy, and the tumor’s
specific location [1, 6, 7]. Advances in diagnostic imaging and surgical methods have led to better rates of morbidity and
mortality [3, 6]. It is widely accepted among researchers that fully removing the tumor is a critical determinant of the
likelihood of recurrence and the survival rate [1, 2, 7, 8]. Gjerris et al. [9] reported a 94% survival rate, while Zakrzewski
et al. [10] documented an 88% survival rate over a span of 25 years. Despite this, there have been occurrences of
cerebellar astrocytomas reappearing even after being fully excised [2, 11, 12]. In our study, complete tumor removal was
achieved in 76% of cases during the initial surgery, and these patients remained free of tumors for an average mean
follow-up of 4.8 years.

Typically, identifying cerebellar pilocytic astrocytomas is a prolonged process due to the tumor’s gradual growth. The
initial symptoms mainly stem from hydrocephalus, which occurs when the tumor blocks the flow of cerebrospinal fluid
(CSF), and from issues associated with the tumor invading cerebellar tissue. An analysis of the initial symptoms and
neurological assessments showed no notable distinction between symptoms caused by hydrocephalus and those caused
by cerebellar invasion, regardless of the tumor’s location or how it appears on radiological scans [7, 8].

Austin et al. [11] reported a 23% recurrence rate of tumors in their study, while Due-Tonnessen et al. [13] found that
27% of their patients experienced growth in the remaining tumor. In our own research, we did not observe any tumor
regrowth, although 12 out of 50 patients had some tumor left after the initial surgery. Of these, nine underwent a second
surgery to remove the remaining tumor, which was completely excised as confirmed by subsequent imaging. There have
also been cases reported where the leftover tumor shrank on its own after the first surgery. The strategy for managing
these patients is based on several factors: the size of the remaining tumor as seen on postoperative MRI, the patient’s
overall health, and the potential risks associated with another surgery [13-15].
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We opt for a second surgery when the tumor can be safely removed, but in cases where there is a significant risk of
complications, such as with patients whose brain stem is affected, we prefer to monitor them with regular MRI scans and
clinical assessments.

The literature presents mixed views on the benefits of radiation therapy. Most studies suggest that the long-term
outcomes for patients who undergo only surgery are not significantly different from those who receive both surgery and
radiation therapy [6, 16, 17]. There are concerns about the adverse effects of radiotherapy on the developing brain,
including reports of low-grade cerebellar astrocytomas becoming malignant after radiation treatment [17, 18]. In our
study, four patients received postoperative radiotherapy because their tumors were not fully removed during the initial
surgery due to involvement of the brain stem. We did not see any enhancement in prognosis following radiotherapy, as
reported by Sgouros et al. [19], although our sample size was too limited to draw statistical conclusions. Our preference
is to opt for a second surgical procedure when feasible, to avoid the potential hazards associated with radiotherapy.

In our study, MRI scans revealed that 13 patients presented with solid tumors, while 37 had cystic tumors. Focusing on
the tumor’s location, 28 were found in the cerebellar vermis. Within this group, 22 patients exhibited a cystic tumor in
the midline with a mural nodule, and six had a solid tumor in the vermis. Additionally, brain stem involvement was noted
in four of the six patients with a solid vermian tumor. Post-operative radiotherapy was administered to four patients due
to remaining tumor tissue. The other patients had tumors in the cerebellar hemispheres; of these, 16 had cystic and six
had solid tumors. A second surgery was performed on five patients to address residual tumors. We achieved a surgical
mortality rate of 0% and were able to completely remove the tumor in 90% of the cases through a combination of initial
and follow-up surgeries.

Overall, patients experienced a higher rate of complete tumor removal when the tumor had not spread to the brain stem
or the base of the fourth ventricle. Our findings suggest that cystic tumors tend to have better outcomes than solid ones,
particularly as the involvement of the brain stem can increase complications associated with solid tumors.

The debate over whether to fully remove cystic lesions is ongoing. Sgouros et al. [19] found little difference in outcomes
between complete and partial removals of cystic tumors. Conversely, Pencalet et al. [20] advocate for the removal of any
visibly abnormal cyst walls to prevent recurrence. In our cases, we achieved complete resection of all cystic tumors,
especially removing the cyst wall when preoperative MRI showed contrast enhancement.

While there have been instances of cerebellar astrocytomas leading to leptomeningeal spread and malignant changes as
noted in the literature, such complications did not occur in any of the cases in our study [14, 21].

While the long-term survival rates for our patient group remain unknown, it appears that those with cystic tumors
generally have better outcomes than those with solid tumors, regardless of where the tumors are located. Tumors in the
vermis more frequently resulted in permanent neurological damage. The most significant predictor of a less favorable
prognosis was involvement of the brain stem. Preoperative shunting for hydrocephalus was not deemed necessary in
every case.

Conclusion

To sum up, after an average follow-up of 4.8 years, there was no clear distinction in outcomes between patients with
solid versus cystic pilocytic tumors, or between those with tumors in the cerebellar hemispheres versus the vermis.
Although complete tumor removal was less likely in isolated cases, its impact on long-term prognosis remains uncertain.
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