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ABSTRACT

Background: Peritumoral brain edema is an uncommon but life-threatening side effect of brain tumors
radiosurgery. Medical therapy usually alleviates symptoms until edema spontaneously disappears. However, when

| \ peritumoral brain edema endangers the patient’s life or medical therapy fails to guarantee an acceptable quality of
life, surgery might be considered.

*, 1 .
Corresponding author: Case Description: Our report focuses on three patients who developed extensive peritumoral brain edema after

Giovanni Marco Sicuri, radiosurgery. Two were affected by vestibular schwannomas and one by a skull-base meningioma. Peritumoral
Department of Neurosurgery, brain edema worsened despite maximal medical therapy in all cases; therefore, surgical removal of the radiated
ASST Ovest Milanese, Legnano, lesion was carried out. In the first patient, surgery was overdue and resulted in a fatal outcome. On the other hand,
Milan, Italy. in the latter two cases surgery was quickly effective. In all three cases, an unmanageable brain swelling was not

) ) o found at surgery.
giovannimarco.sicuri@asst-

ovestmi.it Conclusion: Surgical removal of brain tumors previously treated with radiosurgery was safe and effective in
resolving shortly peritumoral brain edema. This solution should be considered in patients who do not respond
to medical therapy and before worsening of clinical conditions. Interestingly, the expected brain swelling was
not confirmed intraoperatively. In our experience, this magnetic resonance finding should not be considered a
criterion to delay surgery.
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Quick Response Code: INTRODUCTION

The treatment strategy for newly diagnosed skull-based meningiomas and vestibular
schwannomas provides several options including active surveillance, surgery, and radiosurgery.
The best treatment strategy for asymptomatic or mildly symptomatic patients with small
(<2 cm) or medium sized (2-3 cm) skull-base tumors is still debated. In meningiomas and
vestibular schwannomas, radiosurgery offers a long-term local tumor control rate of 87-98%
at 5-10 years.[*>2*] However, peritumoral brain edema (PTBE) after radiosurgery may occur
in a small but significant group of patients, ranging from 8% to 15%, and can seriously affect
survival.B-5791316192830) Tt ysually develops a few weeks - months after radiosurgery and resolves
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within 2 years. In case of mass-effect symptoms, not much
is available in terms of pharmacological treatment; most
patients are administered steroids and osmotic agents with
uncertain efficacy. Bevacizumab, though not commonly
used in clinical practice to treat peritumoral edema, might
be considered in case of PTBE with or without concurrent
malignant tumor progression as well as in case of radiation-
induced PTBE.!'>*3132] However, its use is often precluded
by national and institutional guidelines as well as the degree
of urgency for neurosurgical intervention. We present a
small series of three patients with skull-base tumors who
developed PTBE induced by stereotactic radiosurgery (SRS)
and eventually underwent surgery.

CLINICAL PRESENTATION
Case 1

A 70-year-old man had been experiencing slowly-progressive
hearing loss in the right ear for 3 years. A brain MRI
revealed an acoustic neuroma in the right cerebellopontine
angle (CPA), Koos Grade III, with peritumoral edema and
brainstem compression [Figure la]. Radiosurgical treatment
with gamma-knife radiosurgery (GKR) was chosen because
the patient refused surgery (PTV 8.85 cc, 12 Gy at 50%; PTV
was equal to GTV; the procedure was frame-based with
Gamma Knife Perfexion). Nine months later he started to
complain of headache, nystagmus, and right limb ataxia with
frequent falls. A brain MRI showed an extensive cerebellar
PTBE with fourth ventricle compression and obstructive
hydrocephalus [Figure 1b]. A ventriculoperitoneal shunt was
performed; the surgical option was again ruled out due to
the fear of brain swelling during surgery. Medical treatment
with corticosteroids was protracted intermittently for 2 years;
nevertheless, progressive neurological deterioration occurred
and an MRI showed progressive cerebellar edema with
unchanged tumor size. The severity of the neurological status
warranted then the surgical removal of the schwannoma. No
significant intraoperative cerebellar or brainstem swelling

Figure 1: Right vestibular schwannoma with maximum diameter of
28 x 25 x 26 mm. MRI T2 image of Gamma Knife Radiosurgery
(GKR) treatment planning (a). MRI T2 image 21 months after
GKR (b). Extensive peritumoral brain edema with fourth ventricle
compression is evident.

Surgical Neurology International « 2021 « 12(358) | 2

was reported. Histopathological examination confirmed a
schwannoma (Grade I WHO). Few days after surgery, the
patient developed severe sepsis caused by bowel perforation
that was ascribed to the long use of corticosteroid together
with the surgical stress.?!! The patient died 2 weeks after
surgery.

Case 2

A 45-year-old woman with right-sided hearingloss underwent
a brain MRI that showed a right CPA mass [Figure 2a]. The
patient underwent surgery with subtotal removal of the lesion
through a right translabyrinthine approach. A residue was left
in place because tenaciously attached to the facial nerve and
the brainstem. Histopathological diagnosis was schwannoma.
Postoperatively, she developed cerebellar symptoms and
right vocal cord paresis that gradually resolved. Nine months
after surgery, an MRI showed a millimeter increase in the
residue and the appearance of a cyst in the tumor. Surgery
was not considered because of the risk of a permanent injury
of the facial nerve. The patient was sent for GKR in a single
fraction (PTV 3.14 cc, 13 Gy isodose 50%). We did not add
any margins (PTV was equal to GTV). The procedure was
frame-based (Gamma Knife Perfexion) [Figure 2b]. Ten
months later a persistent headache appeared without other

Figure 2: Right vestibular schwannoma with maximum diameter
of 41 x 35 x 35mm. MRI T1 contrast-enhanced image before first
surgery (a). MRI T1 contrast-enhanced image of Gamma Knife
Radiosurgery (GKR) treatment planning (b). MRI T2 image at 18
months after GKR (c); peritumoral brain edema (PTBE) in the right
cerebellar hemisphere and brain stem is clearly visible. MRI T2 at
image 3 months after surgical removal showing complete PTBE
resolution (d).
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neurological symptoms. High dose corticosteroid therapy
was administered for 1 month without clinical improvement.
A brain MRI revealed an important increase in the size of the
residual tumor with large PTBE in cerebellum and brainstem
with fourth ventricle compression and hydrocephalus
[Figure 2c]; this potentially life-threatening condition led us
to prompt surgery. A macroscopically radical removal of the
tumor with facial nerve sacrifice was performed. Of note, no
evident signs of brainstem or cerebellar swelling were found
during surgery. Histopathological analysis reconfirmed the
presence of a schwannoma. Three months after surgery,
brain MRI showed the complete reabsorption of PTBE in
cerebellum and brainstem [Figure 2d]. At 2 year follow-up
the MRI showed no tumor recurrence.

Case 3

A 60-year-old woman had an incidental diagnosis of right
clinoid meningioma. The lesion was about 2 cm diameter
with moderate PTBE [Figure 3a]. She underwent upfront
GKR in five fractions (PTV 6.263 cm?, 25 Gy isodose 50%)
at another Institution. In this patient, the procedure was
performed with Gamma Knife Icon, 5 Gy per fraction. Eight
months later, she started to complain of headache, dizziness,
and asthenia. A brain MRI showed a significant increase

Figure 3: Right clinoid meningioma. MRI T1 contrast-enhanced
images before (a) and after (b) surgery showing complete removal
of the meningioma. MRI flair images highlight peritumoral brain
edema before surgery (c) and at 2 months after surgery (d); an
almost complete resolution is clear.

in PTBE with compression of the frontal horn of the right
lateral ventricle and a millimetric shift of the midline. At that
time, surgical treatment was excluded due to possible risks
of swelling related to extensive PTBE. Therefore, long lasting
high-dose corticosteroid therapy was instituted without
benefit, while iatrogenic Cushing disease and psychiatric
disorders appeared. She presented at our institution after
12 months and, in light of our previous experience, we
proposed radical surgical removal of the lesion. The brain
did not appear swollen, allowing the removal of the tumor
without the use of retractors. Histopathological examination
confirmed a meningothelial meningioma (Grade I WHO)
[Figure 3b]. Steroids were immediately reduced and a rapid
improvement in symptoms was observed in a few weeks.
A brain MRI performed 2 months after surgery showed near
complete resolution of the pre-existing PTBE [Figure 3¢ and
d]. At 2 year follow-up, the patient is well and brain MRI
does not show tumor recurrence.

DISCUSSION

Herein, we present three cases of extensive PTBE after SRS
where surgery was carried out after medical therapy had
failed. All patients had some risk factors for developing
PTBE. While symptomatic PTBE is normally treated with
high-dose of steroids or osmotherapy, severe side effects such
bowel perforation or Cushing disease, as described in Cases
1 and 3, respectively, must be considered. A relief effect of
bevacizumab on edema induced by radiotherapy, mainly in
malignant tumors, has been described.['***%2] However,
there is still no hard evidence of an impact on overall survival
and toxicity-related data remain limited. Italian Authorities
approved the use of bevacizumab in the context of recurrent
cerebral neoplasms and radiation-induced peritumoral
edema since January 2021; therefore, it was not routinely
used in our institution. Interestingly, although not the case
for meningiomas, bevacizumab has been shown to have
longstanding local control on Neurofibromatosis-2 related
schwannomas.'®?! Our report supports the idea of taking
early into consideration the surgical removal of the tumor
to reduce PTBE whenever it is critical and symptomatic.*!
This management would avoid the occurrence of the severe
side effects of long-term steroid administration and prevent
worsening of neurological symptoms.

Moreover, the presence of massive PTBE did not imply
dangerous intraoperative brain swelling in our series.
Cerebral edema is sometimes thought of as synonymous
of brain swelling that is quite true in neurotraumatology
and in cerebral infarction. However, equally important
are the biomechanical properties of the brain, such as its
ability for elastic distortion. In radiated meningiomas
hyperpermeability of blood vessels®®'! and disruption of
the arachnoid and pia mater membranes, which are natural
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Figure 4: Right clinoid meningioma. Arterialized sylvian vein
dissected opening the sylvian fissure before tumor removal (a). At
the end of tumor removal, the color of the vein turned blue (b).

barriers to free movement of water, electrolytes, and proteins,
have been observed. This condition promotes the flow of
molecules from tumor necrosis to adjacent cerebral white
matter. As a result, the extracellular fluid increases and edema
develops, while the blood-brain barrier is not primarily
injured, unlike in ischemia and trauma. Therefore, the
radiated tumor and damaged tumor-brain contact interface
are the true source of edema.?*!! As the integrity of the
peritumoral blood-brain barrier in extra-axial brain tumors
(i.e. meningiomas and schwannomas) is well recognized,!
the proposed pathophysiology would explain the delay
of months between radiation and PTBE formation. We
speculate that the integrity of the blood-brain barrier reduces
brain elastic capacity, thereby increasing brain stiffness and
decreasing its tendency to swell.

Regional impairment of venous drainage from the brain
may also contribute to PTBE formation. Indeed, in case 3 a
completely arterialized sylvian vein was noticed [Figure 4].
We believe that this was strictly related to the massive PTBE,
as it is described in convexity meningiomas treated with SRS.

CONCLUSION

Although it is common knowledge that extensive PTBE
complicates surgery and influences surgical outcome,
prognosis, and risk of recurrence,!'”****¥" the absence in our
experience of significant brain swelling during surgery should
encourage the neurosurgeon to aggressively treat without
delay those cases that show widespread radiological edema
associated with neurological worsening. In addition, long-
term side effects of high dose corticosteroid might be very
burdensome and their systemic use should be minimized.

In this setting indications for surgery are the presence of
symptomatic PTBE induced by SRS, evident brain shift due to
extensive PTBE, ineffective long-lasting medical treatment,
and low surgical risks. However, decision-making must be
individualized according to patient features, to the existence
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of a possible rapid evolving neurological worsening, and to
the response to medical therapy and its side effects.
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