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1 | INTRODUCTION

Oligodendrogliomas (ODGs) originate from oligoden-
drocytes and comprise 4-8% of all brain tumors.! ODGs
usually occur in the middle ages and males, similar to
many primary brain tumors." More than 90% of all ODGs
in adults are supratentorial, mostly found in cerebral
hemispheres, most commonly in frontal lobes. Though,

Oligodendrogliomas (ODGs) are rare brain tumors in adults, mostly present-
ing as a supratentorial solid mass, while less than 10% occur infratentorially.
Infratentorial cystic ODGs are extremely rare. We reported a large partially cystic
cerebellar ODG in a 31-week pregnant patient with an unusual presentation and
discussed the challenging management.

cerebellar oligodendroglioma, cystic brain tumor, infratentorial mass, oligodendroglioma

only a small fraction of ODGs is located infratentorially.
Typically, ODGs present as solid tumors, whereas cystic
ODG is less common. Infratentorial cystic oligodendrogli-
oma, however, is considerably rare.’

ODGs are slow-growing tumors with insidious presen-
tations and might remain silent for many years. Seizure is
reported as the most common presenting symptom, rang-
ing from 35% to 85% of all cases.' Presenting symptoms
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could vary based on location, growth rate, and tumor size.
Infratentorial ODGs frequently present with cerebellar
symptoms, or symptoms attributed to increased intra-
cranial pressure (ICP) caused by the tumor's compres-
sive effect on the ventricular system causing obstructive
hydrocephalus.®

Initial diagnosis is mainly based on neuroimaging
and preferentially gadolinium-enhanced magnetic res-
onance imaging (MRI). There is no diagnostic hallmark
on neuroimaging, but some features such as tumor calci-
fications that are easily visible on computed tomography
(CT), could differentiate an ODG from other brain tumors.
Nevertheless, a significant portion of these tumors may
not demonstrate typical presentations. Thus, the most
accurate diagnosis is made by histopathological examina-
tions. We reported a large partially cystic cerebellar ODG
in a young pregnant woman, provided a comprehensive
literature review, and discussed the importance, chal-
lenges, and critical management of posterior fossa ODG
in late pregnancy.

2 | CASE PRESENTATION

A 21l-year-old right-handed Caucasian woman at 31st
weeks of gestation was presented with a 2-month history
of headache, neck pain, nausea, vomiting, and progressive
ataxia. On physical examination, papilledema, dysmetria,
intentional tremor, and truncal ataxia were evident. Next,
she underwent brain imaging to clarify the possibility of
brain masses. Preoperative brain MRI without contrast
showed a large right paracentral cerebellar cystic mass
with compression of the fourth ventricle and brain stem,
causing obstructive hydrocephalus (Figure 1).

Given the MRI result, juvenile pilocytic astrocytoma,
hemangioblastoma, and brain metastasis were initially
suspected as a primary diagnosis. Since the patient was
in 31st weeks of gestation, pregnancy termination and
safe delivery of the child were planned immediately after
a ventriculostomy to treat hydrocephalus, divert the cere-
brospinal fluid (CSF), and monitor ICP. Following that,
her brain tumor resection was scheduled on the third day
to reach the patient's optimized general condition.

Histopathological examination showed a diffusely
infiltrating tumor with moderate cellularity and cystic
space. Tumor cells were monomorphic with round nuclei
and perinuclear halos caused by artefactual retraction of
cytoplasm that provided a characteristic “fried egg” ap-
pearance. A dense network of fine branching capillaries
(chicken wire) patterns, numerous small calcifications,
hemorrhage, and scattered mitotic activity were iden-
tified. Additionally, gliosis in the surrounding paren-
chyma was noted. There was no evidence of necrosis,

microvascular proliferation, or nuclear atypia (Figure 2).
Immunohistochemistry (IHC) confirmed the ODG diag-
nosis with strongly positive glial fibrillary acidic protein
and S-100 protein. The sample was negative for inhibin.
However, we could not check for markers such as 1p/19q
co-deletion, isocitrate dehydrogenase (IDH) mutation,
and alpha-thalassemia/mental retardation, X-linked.

3 | PATIENT MANAGEMENT AND
TECHNICAL NOTE

The diagnosis of a brain tumor in a pregnant woman is a
challenging event for the patient and her family, as well as
the medical team taking care of the patient. Operating on
a symptomatic brain tumor in a pregnant patient presents
a unique challenge to the medical team. Since the patient
was in 31st weeks of gestation, pregnancy termination and
safe delivery of the child were primarily intended. Her
general condition and hemodynamics were monitored
and stabilized. In terms of medications, steroids, manni-
tol, and preoperative intravenous antibiotics were initi-
ated. Ventriculostomy was placed to treat hydrocephalus,
divert CSF, and monitor ICP. Subsequently, the delivery
was performed through a cesarean section while ICP and
neuro-exams were closely monitored.

The patient was monitored in the intensive care unit,
receiving steroids and mannitol to keep her ICP within
normal range. This enabled us to temporize surgical treat-
ment for the brain tumor to ensure the safest possible
management. Resection of her brain tumor was planned
on day 3 unless her neurological examination or ICP
would deteriorate. This strategy could allow her general
condition to optimize and heal her abdominal incision to
a more acceptable level.

On the operation day, right para-midline suboccipi-
tal craniectomy and C1 laminectomy were performed to
obtain an adequate trajectory and viewing angle to the
lesion. Once the dura was opened, the ventriculostomy
was lowered to 5mmHg, and cisterna magna was opened
to reduce the pressure on the cerebellum. Intraoperative
neuro-navigation and neuro-monitoring consisting of
motor evoked potentials, somatosensory evoked poten-
tials, and brainstem auditory evoked responses were
performed. Tonsillo-medullary cisterns were opened to
release the tension on the brain, and the posterior infe-
rior cerebellar artery and the inferior retro-tonsillar vein
were cautiously dissected along with the tonsils laterally.
Cottonoid neurosurgical patties were placed in the inter-
face between the mass and the cerebellum. When it came
to resection, the cyst was punctured to relax and decrease
the mass effect. Then, the cystic and solid part was care-
fully dissected off from the cerebellum first.
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FIGURE 1 Preoperative brain MRI without contrast shows a large right paracentral cerebellar cystic mass with compression of the

fourth ventricle and brain stem, causing obstructive hydrocephalus. (A) Axial T1-weighted image. (B) Axial fluid-attenuated inversion-

recovery image. (C) Axial Diffusion-weighted image. (D) Axial T2-weighted image. (E) Sagittal T2-weighted image. (F) Coronal T2-weighted

image

FIGURE 2 Histopathological
examination shows monomorphic tumor
cells with round nuclei, perinuclear halos,
and numerous small calcifications. (A)
Hematoxylin and eosin (H&E) X100 (B)
H&E x400

Further cautious dissection of the cyst from the rhom-
boid fossa was performed. Finally, the resection of the tumor
from the fourth ventricle floor and obex was performed
with abound precautions. A small superomedial residual
attached to the inferior torcula was left to avoid venous

sinus complications. This technique and strategy allowed us
to achieve a safe tumor resection. In the end, the dura was
closed in a water-tight fashion and expanded with autolo-
gous pericranium. Ligamentum nuchae and subcutaneous
tissue, followed by skin, were closed in anatomical layers.
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edema is uncommon.?? On the MRI, lesions may appear
hypointense on T1l-weighted and hyperintense on T2-
weighted images.”> ODGs have unique features that dif-
ferentiate them from other brain lesions despite the lack
of diagnostic radiological hallmarks. Tumor calcification
is present in more than half of cases (range 60-90%) on
preoperative neuroimaging and more than 70% on patho-
logical examination.”? However, calcification may not be
seen in posterior fossa ODGs.*

Although ODGs may have cystic or necrotic parts, large
cystic ODGs are uncommon.> Due to the paucity of infra-
tentorial ODGs, the proposed radiological features are in-
conclusive and may not help distinguish them from other
possible diagnoses such as astrocytoma preoperatively. We
performed an emergent brain MRI without gadolinium in
our case. According to the Society of Obstetricians and
Gynecologists of Canada, there is level II evidence that
fetal exposure to MRI is safe during the second and third
trimesters, but gadolinium should only be used when the
benefits outweigh the potential risks.?® Based on imaging
results, our initial preoperative diagnoses were pilocytic
astrocytoma, hemangioblastoma, or brain metastasis.

Pilocytic astrocytomas (World Health Organization
[WHO] grade I) are astrocytoma variants with a tendency
in children and adolescents,?’ predominantly seen in the
cerebellar region and may appear as a large cystic lesion
with enhancing mural nodule, cyst wall, and calcification
on imaging.”® Cystic components usually appear as fluid
signals on T1-weighted and hyperintensity on T2-weighted
imaging and cyst wall enhancement with contrast T1-
weighted imaging.”® Therefore, distinguishing ODG and
pilocytic astrocytoma based on neuroimaging findings
alone is impractical and requires histologic and molecular
assessments. Pilocytic astrocytomas demonstrate certain
histopathological features, which help distinguish them
from ODGs. These tumors usually have low-to-moderate
cellularity, dense fibrillation, and characteristic Rosenthal
fibers, as well as eosinophilic granular bodies, which
are not present in ODGs. However, they may sometimes
show foci with more rounded nuclei resembling ODG.
Although THC assessment may not be helpful due to over-
laps in their patterns, genetic studies could be helpful in
certain situations®>’; though not definitive, considering
the paucity of IDH mutation and 1p/19q co-deletion in
ODGs occurring in children.”

On the other hand, hemangioblastomas are rare,
low-grade (WHO grade I) lesions making 1-3% of cra-
nial tumors.*” They commonly occur in the posterior
fossa and are responsible for 10% of all posterior fossa
tumors in young adults, known as the most common
infratentorial tumors in this group.’* These tumors are
well-circumscribed lesions with no real capsule, form-
ing a solid mural nodule in a large cystic cavity abutting
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pial matter.** Also, these tumors could be present as
solid lesions without cyst formation.*® The radiolog-
ical features are the presence of the cystic part with
T1-weighted isointensity, T2-weighted/fluid-attenuated
inversion recovery hyperintensity, and moral nodule,
which is iso/hypointense on T1-weighted and hyperin-
tense on T2-weighted images.>* Histologically, heman-
gioblastomas are distinguished by their vascularized
appearance, composed of stromal and reactive vascular
cells. Characteristically, microscopy shows thin-walled
vessels in the background of connective tissue stroma
and polygonal lipid-laden stromal cells.*

The histological characteristics of ODGs are small,
round cells with scant cytoplasm, perinuclear halos, and
small nucleoli, the characteristic “fried egg” appearance.”
These features, along with cystic space, fine branching
capillaries, hemorrhage, small calcifications, and scat-
tered mitotic activity, were evident in the histopatho-
logical examination of the resected lesion from the case
presented here, which established the diagnosis of cystic
ODG (grade II). Based on mitotic activity, ODGs are cat-
egorized as grade II or grade III, according to the WHO
classification of central nervous system tumors.* About
75% of all ODGs are low-grade tumors.*

The cornerstone of treatment is maximum surgical re-
section and, consequently, chemotherapy or radiotherapy.
Because of its infiltrative nature, this tumor commonly in-
volves adjacent gray matter and sometimes extends to the
leptomeninges, which is a severe obstacle to surgical re-
section.* The amount of residual tumor following surgery
is correlated with outcome in ODGs.>’ These tumors are
typically chemosensitive,”' but molecular features can in-
fluence the chemosensitivity and prognosis.* The progno-
sis of patients with ODG is strongly correlated with 1p/19q
co-deletion and IDH mutation.*® The 1p/19q co-deletion
is detected in 74% and 83% of well-differentiated and an-
aplastic ODGs, respectively.*’ Co-deletion of 1p/19q is as-
sociated with longer overall and progression-free survival,
regardless of the treatment.*!

Further, patients with 1p/19q co-deletion treated
with radiation in addition to chemotherapy had a favor-
able prognosis and more prolonged overall survival.*?
Proposed prognostic factors associated with worse overall
survival rates are higher age, poor functional status, non-
epileptic presentation, neurological deficits at presenta-
tion, tumor location other than frontal and parietal lobe,
and tumor size greater than 4-5 cm.*’ However, the pre-
cise survival rate of patients with infratentorial ODG has
not been elucidated yet, and most studies have reported a
short outcome.

Since it has been suggested that posterior fossa ODGs
can be potentially more aggressive, prophylactic craniospi-
nal radiotherapy is required.>'* ODGs tend to metastasize
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outside the nervous system, probably throughout CSF,
unlike other gliomas.”» Holladay and Fruin suggested
that CSF cytology should be evaluated postoperatively to
determine spinal radiotherapy's need since ODG could
metastasize through the subarachnoid route.** However,
patients can be observed before radiotherapy for the recur-
rence of the tumor.” The scarcity of data about posterior
fossa ODGs has led to the absence of the exact treatment
protocol.

Generally speaking, in most instances, radiation and
chemotherapy can be postponed until after delivery due
to potential harm to the developing fetus.* However, if
radiation or chemotherapy is necessary during pregnancy,
maximum precautions must be taken to protect the fetus
as much as possible, and the patient must determine
whether or not to proceed with pregnancy in conjunc-
tion with the treatment team after extensive and detailed
counseling.*® Patients with low-grade tumors similar to
the presented patient should be carefully monitored over
time for tumor behavior and receive radiation only at the
time of progression.* Patients with high-grade lesions or
anaplastic tumors should be irradiated upfront, although
with maximal precautions.*

4.1 | Resection of a brain tumor
in pregnancy

Brain tumor incidence is very low during pregnancy, and
pregnancy does not affect most brain tumors' overall risk
or incidence, including gliomas.***’ Likewise, gliomas
seem not to negatively impact the delivery and even devel-
opment of children.*”*® Progression of all grade gliomas
is not associated with hormone expression and should be
treated in pregnant women like non-pregnant persons,
though with obstetrical consideration for the delivery,*
as mentioned earlier. Intriguingly, it has been suggested
that female sex hormones may have protective effects on
glioma pathogenesis.*”*

Surgery remains the first step in treating patients with
oligodendroglial tumors>'; however, it should be tailored
to each patient individually. In a pregnant woman with a
brain tumor, it is necessary to consider the patient's pre-
senting symptoms, the nature of the tumor, and the timing
of pregnancy to decide the best patient care and whether
carrying out the pregnancy is feasible. Although thereis no
high-level evidence guiding the safe management of intra-
cranial tumors during pregnancy, it is encouraged to ob-
serve stable patients, and gestational advancement could
be permitted into the second trimester.”* In low-grade tu-
mors with isolated seizures as initial presentation, an ob-
servational approach and anticonvulsant treatment until
the third trimester have been suggested.*** Neurological

symptoms, presumed tumor histology, and gestational age
can potentially affect the surgery timing.>*>*

Current evidence is scant and limited to observational
studies or expert opinion, though any invasive proce-
dure can be postponed to permit gestation advancement
or until delivery as long as the patient is stable and the
tumor is not rapidly growing.*> In cases with a clear in-
dication for neurosurgery, the second trimester may be
preferred, given that fetus is less vulnerable than in the
first trimester and has a lower risk of intraoperative hem-
orrhage than in the third trimester.*’ If obstructive hy-
drocephalus is causing increased intracranial pressure, a
shunting procedure should be performed.*’ Nevertheless,
urgent neurosurgery is indicated in unstable patients
with impending brainstem herniation (e.g., in cases with
large tumors causing increased intracranial pressure or
mass effect), even in the first trimester, in which the fetus
is not viable.* In an unstable patient in the late second
or third trimester, delivery by cesarean section under
general anesthesia followed by immediate neurosurgery
might be necessary.”> The case presented here was con-
sistent with the latter scenario.

4.2 | Concurrent fetus delivery and brain
tumor resection

Pregnancy should not delay the neurosurgical interven-
tion.>® Overall, it is favorable to postpone neurosurgical
procedures after delivery; but in life-threatening emer-
gencies, simultaneous cesarean delivery of the viable
fetus and maternal surgery can be planned,* which is
a challenging condition. There are very few reports re-
garding concurrent cesarean section and neurosurgical
procedures.”®’ Korula and Farling reported a case with
cerebellar mass necessitating concurrent cesarean section
and sub-occipital craniectomy. They indicated that poste-
rior fossa operation might cause maternal hemodynamic
instability and harm the fetus.> Thus, it is crucial to pre-
vent ICP rise caused by anesthetic agents and avoid neo-
natal respiratory depression.™

The cesarean section under general anesthesia is rec-
ommended in pregnant patients with a significant mass-
occupying lesion.® There is little evidence regarding
anesthesia for neurosurgical intervention in pregnant
patients.”®” The choice of anesthetic technique for con-
current cesarean section and neurosurgical procedures
for a brain tumor depends on various factors, including
the patient's condition, type and location of the tumor,
gestational condition, and urgency of the intervention.”’
It requires a multidisciplinary decision of the care team,
aiming to maintain cerebral perfusion and control intra-
cranial pressure. Also, it is essential not to use anesthetic
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agents that alter cerebral blood flow (such as nitric oxide
and halothane), which may harm both the fetus and
mother.>

5 | CONCLUSION

We reported an unusual ODG presentation with challeng-
ing management due to gestation conditions. ODGs rarely
manifest as a large infratentorial cystic lesion in adults,
with insidious general symptoms and atypical radiological
findings. In a young pregnant patient, these non-specific
symptoms could be mistaken as common gestational
symptoms, leading to delayed diagnosis and progression
of the disease. Timely diagnosis, management, and brain
tumor treatment during pregnancy are challenging situa-
tions that require expert teamwork.
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