Vi

VIA MEDICA

CASE REPORT

, Jakub Krzysztof Gatgzka?®, Piotr Homa3®, Zofia Hoffman*®, Leon Sakwa5®,
, Marcin Wdowiak®, Wojciech Czyzewski¢ 7@, Kamil Torres”®, Radostaw Rola®

tukasz Domagalski'
Michat Szymoniuk’
Students’ Scientific Association at Department of Neurosurgery and Paediatric Neurosurgery, Medical University of Lublin, Lublin, Poland
2Students’ Scientific Association at Chair and Department of Clinical Immunology, Medical University of Lublin, Lublin, Poland

3Students’ Scientific Association at the Department of Paediatric Haematology, Oncology and Transplantation, Medical University of Lublin,
Lublin, Poland

4Students’ Scientific Association at Chair of Human Anatomy, Medical University of Lublin, Lublin, Poland

5Student Scientific Society, Kazimierz Pulaski University of Technologies and Humanities in Radom, Radom, Poland

6Department and Clinic of Neurosurgery and Paediatric Neurosurgery, Medical University of Lublin, Poland

’Chair and Department of Didactics and Medical Simulation, Medical University of Lublin, Lublin, Poland

Severe course of radiation-induced
meningioma — a new insight

in screening for patients after
radiotherapy?

ABSTRACT
Meningiomas, being mostly benign tumours, are derived from the arachnoid cap cells. Their etiopatho-
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genesis is based on various factors, including past radiation. The presented case of a 25-year-old patient,
who developed a radiation-induced superior sagittal sinus meningioma based on his past head radiation
distributed during acute lymphocytic leukaemia. The tumour’s clinical image presented at first as head-
ache, nausea, and dizziness, computer tomography and subsequently MRI were performed. The imaging
examination revealed a very extensive, contrast-enhanced tumour mass located centrally on both sides
and within the superior sagittal sinus. With the most likely diagnosis of parasagittal meningioma, the pa-
tient was qualified for tumour excision. The surgery was performed successfully resulting in maximal safe

subtotal resection. After the surgery, the patient developed complications including hydrocephalus, which
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resulted in 5-months long hospitalization. The presented case illustrated the need for increased clinical
attention in patients threatened by radiation (including radiotherapy), focused on possible head lesions.
Key words: meningioma, parasagittal meningioma, radiation-induced meningioma, radiotherapy, neu-
rosurgery
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Introduction targets and techniques depending on the location and

biology of these neoplasms. The aetiology of sporadic

Meningiomas are mostly benign tumours derived
from the arachnoid cap cells, whose distribution along
the entire neuroaxis reflects a broad spectrum of tumour
localization. Based on the data collected on all primary
brain tumours, these tumours account for about 37% of
the lesions. Meningiomas are most found on the con-
vexity (19% to 34%) and in parasagittal locations (18% to
25%), followed by the sphenoid wing and middle cranial
fossa (17% to 25%), anterior skull base (10%), posterior
fossa (9% to 15%), cerebellar convexity (5%) and clivus
(< 1%) [1]. To optimize patient treatment and surgical
outcomes, it is crucial to adjust the appropriate surgical

meningiomas is not yet known. Many factors have been
identified as possible causes of the development of
intracranial meningiomas. These include head trauma,
viral infections, deletion in the NF2 gene, the effect of
cell phones, and sex hormones but regardless, the fac-
tor most strongly associated with meningioma formation
is ionizing radiation [2, 3]. Such a high percentage of
meningioma occurrence is made possible by the use of
cranial radiotherapy, for example. A review study per-
formed on a pool of 251 patients indicates a significant
effect of radiation used during radiotherapy of primary
lesions in the cranial region, suggesting performing
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Figure 1. MRI scan in transverse (left), saggital (middle) and frontal (right) projection

long-term follow-ups of patients involved in this type
of treatment [4]. They are more common in the older
age group (incidence over age 85 years: 52.95 per
100,000 persons) and female patients (incidence:
11.25 per 100,000 females vs. 5.15 per 100,000 males).
Five-year survival of patients with typical meningiomas
exceeds 80% but decreases for malignant and atypical
meningiomas. Among poor prognostic factors are large
tumour sizes, deletions and loss of heterozygosity, high
mitotic index, absence of progesterone receptors, and
papillary and haemangiopericytic tumour morphology|
1, 2, 5].

The meningioma described in this study is among
those with an attachment to the dura that forms the
outer layer of the superior sagittal sinus. Sagittal me-
ningiomas are statistically detected more equally in
both genders and are usually associated with mutations
in the NF2 gene. In terms of development, they tend
to be more aggressive than meningiomas in other
locations. Differentiating them from convexity menin-
giomas is based on the presence of brain tissue at the
parasagittal angle and attachment to the dura mater of
the superior sagittal sinus, while falcine meningiomas
can be distinguished by the presence of attachment to
the falx cerebri. Symptoms may vary depending on the
location of the parasagittal meningiomas but the most
characteristic are focal neurological deficits, epilepsy,
and increased intracranial pressure although head-
aches, depression, personality disorders, and burnout
syndrome can also occur. The disappearance of symp-
toms to some extent or even completely is possible
after surgery except in cases of elderly patients where
the main symptom, among others, is dementia [1, 6].

To differentiate the meningioma’s ability to infiltrate
the interior of the sinuses, a 6-stage Sindou classifica-
tion was created. The lesion characterized as type | is
limited to the outer surface of the sinus wall. Type I
lesion occurs when the tumour expands into a lateral
recess of the SSS (superior sagittal sinus). If the tumour
infiltrates into the lateral wall of the sinus it is referred

to as type lll. A lesion infiltrating the roof of the sinus is
classified as type IV, while type V occurs when the entire
sinus is occluded. Type Vl is defined as a tumour that
has completely crammed the sinus along with infiltration
of all its walls [1, 6].

Case report

We would like to present the case of a 25-year-
-old patient admitted to the hospital for symptoms of
elevated intracranial pressure, which manifested as
headache, dizziness, and nausea. A CT scan of the
head revealed that the cause of the complaints was
a massive meningioma infiltrating the superior sagittal
sinus, which was later confirmed by an MRI (Magnet-
ic Resonance Imaging) scan (Fig. 1). The invasion
was described in Sindou’s classification as grade
VI, meaning that the whole SSS was seized by the
tumour. During childhood, the patient was treated with
head radiotherapy for acute lymphoblastic leukaemia
suggesting a connection with the present condition.
Following the radiological diagnostics, it was decided
to perform bilateral front-temporal-parietal craniotomy
with the removal of meningioma infiltrating the SSS and
resection of the front part of the sinus itself.

The neurosurgery was performed under general
anaesthesia with the head fixed in place by the Mayfield
frame in supination and its neutral position. Following
the preparation of the surgical field, the skin was cut
in a reversed U-shape with its base in the parietal area
and AP dimension. After detachment of the musculo-
cutaneous flap, six burr holes were drilled — two on
each side in temporal areas and two on each side of
the SSS, both in the front and back of it. Three burr
holes located on the right side were joined using
a craniotome. In the parasagittal area, the bone was
very tightly connected with the wall of the SSS which
required meticulous detachment. Subsequently, the
3 holes on the left side also were joined. The bone and
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Figure 2. Intraoperative view on detached pericranium

dura mater were separated using a dissector and guide.
After the removal of the bone flap, it was necessary to
manage the bleeding from the SSS which was stopped
with a flake of fibrin sealant patch. Then, the dura mater
was cut in a semi-circular shape, on both sides and
with its bases directed toward the sinus. Using the dis-
sector, the dura mater was separated from the tumour
of a bluish-purple appearance. The meningioma was
detached with the usage of a dissector and separated
from the normal tissues using cotton wool with saline
while some small vessels were coagulated during the
process. After exposing the tumour it was necessary
to devascularize it by cutting and coagulating the
vessels nourishing the meningioma. The tumour on
the right side was removed in a few pieces and under
microscopic magnification, leaving only a small part at
the falx cerebri. Afterwards, the same procedure was
done on the opposite side. Then, based on the earlier
performed Computed Tomography Angiography, which
showed the total infiltration of the frontal part of the
SSS, a decision was made to also remove a large part
of the sinus and the neoplastic tissue that penetrated
it. The SSS was ligated with a few sutures at its front
part and the infiltration of the sinus by the tumour was
confirmed. A similar procedure was performed on the
rear part of the sinus, ahead of the big collateral vein.
Then, the massive fragment of SSS with fragments of
the tumour was removed. The wall of the falx cerebri
was coagulated with a monopolar electrode while using
athrombin solution for haemostasis. Subsequently, the
pericranium was detached from the musculocutaneous
flap (Fig. 2).

After attaining the approvable haemostasis, the
pericranial patch was stitched into the defect of the
dura mater, making it watertight and additionally seal-
ing it with a fibrin sealant patch. Next, the meninx was
suspended in many places with Dandy’s and Poppen’s
sutures and then the bone flap was fixed in its original
place with the usage of a titanium clamp system. The
drainage was left in the place of surgery and the skin
was stitched with layered closure.

After the surgery, initially, the patient recovered
well. The control contrast-enhanced MRI showed
a satisfactory tumour removal with a small remnant of
the neoplastic tissue in front of a collateral vein that
connects superior and inferior superior sagittal sinuses.

During hospitalization, the patient underwent ven-
triculoperitoneal valve implantation, which was later
removed due to inflammatory complications and peri-
tonitis. It led to the need for a laparotomy intended to
remove the peritoneal abscess. Subsequently, a menin-
geal reconstitution was performed twice. During the
procedure, the site of the leak was not visualized. The
meninges were covered with haemostatic materials,
which failed to yield a clinical improvement. During the
last meningeal reconstitution, the craniectomy flap,
which was believed to have become infected, was
removed. After obtaining negative microbiological cul-
tures, a ventriculoarterial valve was inserted into the an-
gular vein navigating the narrow ventricles of the brain.

Currently, the wound is healed, with no signs of fluid
loss. The patient was discharged home after 5 months
of hospitalization.

Discussion

Acute lymphoblastic leukaemia (ALL) is the most
common paediatric cancer. In the United States, ap-
proximately 5,930 cases of ALL were newly diagnosed,
and nearly 1,500 patients died from ALL in 2019. The
global incidence of ALL increased from 1990 to 2019 by
30.81% [7]. One of the therapeutic options for treating
ALL is head radiotherapy, in which adverse events
include carcinogenesis.

The occurrence of meningioma among ALL ra-
diotherapy receivers, after 25 years of follow-up, was
estimated in one single-centre study as 21.4%, whereas
the presence of neurological symptoms caused by brain
lesions was 16.0%. However, the incidence appears
to be significant, the idea of screening MRI among
post-radiotherapy patients was rejected by the article
authors because usual clinical symptoms appear at the
early stage of meningioma [8], although other authors
suggest a requirement of such a screening program [9].
Another study, based on victims of the nuclear bombing
in Hiroshima, estimates the occurrence of meningioma
as 14,9% after a 20-year follow-up [10]. In the presented
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case, the existence of symptoms (headache, nausea,
dizziness) was linked with the sizable dimension of the
lesion and its high grade in the Sindou classification,
so a more recent MRI of this patient would potentially
lead to a less-burdening surgical intervention. On the
other hand, irradiation was classified as one of two (next
to cyclophosphamide exposure, of which occurrence
isn’t confirmed in the presented case) main causes of
secondary brain tumours in post-ALL patients [11].
This data, combined with the presented case, may
suggest the need to reconsider a screening program
for secondary brain tumours among patients following
those types of therapy, and other groups exposed to
radiation. Especially according to the severe course of
meningioma (including post-operative complications)
in the presented case.

To put this information into perspective one should
recognize that radiation appears to be responsible for
from 7.8 to 31.4% of all paediatric meningiomas [12,
13]. Paradoxically, radiation-induced meningiomas
tend to come along with a better prognosis, in com-
parison to non-radiation-related ones — a single-centre
study showed that none of the included patients with
radiation-induced meningioma developed progres-
sion of the tumour, in contrast to meningiomas with
different etiopathogenesis. The reason appointed by
this study’s authors includes a correlation between the
younger diagnosis of meningioma and higher risk of
progression, and statistically higher age of diagnosis in
patients with radiation-induced meningiomas (average
age 17.3 = 3.5 years vs. 10.7 = 5.7 years for non-
-radiation-related) [13]. According to mentioned cor-
relation, the risk of progression in the presented patient
should be considered to be very low according to his
relatively late age of diagnosis (25 years). The other
factor, which is described as prognostic for meningioma
progression, is the high expression of MIB-1 antigen in
immunohistochemical staining[14], which unfortunately
wasn’t performed in the presented case. When mention-
ing immunohistochemical staining, it should be noted
that 1-10% of meningiomas may occur as multiple
lesions, and this group has significantly different antigen
descriptions — but the existence of radiation-induced
multiple meningiomas wasn’t described until now even
in a single case report[15].

Although meningioma is the most common post-
-radiation tumour of the head, accounting for approx-
imately 44-52% of them [16, 17], it isn’t the only one
that may develop as a result of radiotherapy. According
to scientific literature, this group of post-radiation head
lesions include also sarcoma [16], especially Ewing sar-
coma [17], malignant astrocytoma [16], medulloblas-
toma [16], haemangioma [18], glioma [18, 19], germ
cell tumour [17], malignant parotid gland tumour [17]
and rhabdomyosarcoma [19, 20]. A single case report

also showed patients with various head tumours coexis-
tence: meningioma + angioma [21], meningioma + pi-
tuitary adenoma [22], meningioma + subependymo-
ma + cavernoma [23], or meningioma + pituicytoma
(hormonally inactive) + cavernoma [24].

Although the superior sagittal sinus is one of the
most common sites of this lesion, it still only constitutes
10.7-16.9% of all meningiomas [25]. The first disparity
of SSS meningiomas is the significantly later age of
diagnosis — 57 years on average — in comparison
to meningiomas in general [26]. Additionally, the
proximity of bone structures may result in meningioma
invasion of scalp bones [27], and even subcutaneous
tissue of the head [28]. This ruinous process may re-
sult in the requirement of reconstruction, but there is
a case reporting a recurrence of meningioma through
titanium-based cranioplasty [29]. On the other hand,
there are reported cases of hyperostosis in the case
of meningioma [28, 30]. Nevertheless, those radical
complications appear to exist rarely, and the most
common structure threatened by meningioma invasion
is dura mater [26].

According to the novel surgical techniques, gamma
knife radiosurgery provides an interesting alternative
and was reported in many cases of SSS meningioma
in up-to-date literature [31, 32]. However, in such an
advanced stage of disease, classical surgery appeared
to be the most appropriate approach.

In conclusion, clinical attention should be paid to
every patient who had radiotherapy in their clinical past.
However, usually, a radiation-induced meningioma is
easy to cure and has a mild course, although, in some
cases (like the presented) postoperative complications
may be aggravating. The presented case may be con-
sidered a new insight into the idea of screening MRI in
patients after radiotherapy.
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