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ABSTRACT

A 16-year-old female patient with headache was admitted
to our hospital. Radiological examination showed a Spetzler-
Martin Grade III arteriovenous malformation (AVM) located
at the left frontal lobe. Volume-staged stereotactic radio-
surgery (SRS) treatment performed in two fractions at
three-month intervals and post-procedural period were
uneventful. Eight months later the patient was admitted to
our hospital with headache, vomiting, right-sided facial
palsy and right upper extremity paresthesia. Radiological
examination demonstrated severe vasogenic edema in the
left centrum semiovale and temporal region. Due to severe
and steroid-resistant malign edema, hyperbaric oxygen
(HBO,) therapy was performed as an alternative treatment
option. Neurological symptoms resolved completely after
HBO,. Radiological examination demonstrated serious
improvement of brain edema and mass effect. I

INTRODUCTION
Cerebral arteriovenous malformation (AVM) is a con-
genital vascular anomaly that consists of a vessel tangle,
resulting in and causes direct blood flow from arterial
input to the venous system without an intervening cap-
illary network to decrease the pressure. The most im-
portant risk is the rupture of the AVM, which has 10%
mortality and 30%-50% morbidity from each bleed [1]
Microsurgical resection, endovascular occlusion, ste-
reotactic radiosurgery (SRS), or combinations of these
therapies are the main treatment options for these lesions.

The morbidity and mortality risk of microsurgical treat-
ment is higher especially for deep AVMs and/or AVMs
in eloquent areas. For these types of AVMs gamma knife
radiosurgery may be the most appropriate treatment
option.

Although SRS allows giving an appropriate dose to a
confined target area and reduces the undesired effects of
radiation on normal brain parenchyma, big lesions have
an increased risk of radiation injury due to high radiation
doses. Early toxic effect of radiation due to SRS is rare:
Seizure is the most common finding. Radiation-induced
brain edema is a late onset SRS complication which is
due to white matter injury (WMI) and radiologically
defined as hyperintensity around target tissue on T2-
weighted and FLAIR magnetic resonance imagining
(MRI) [2-4].

Radiation-induced brain edema is a well-known
complication after SRS for AVM. However, it is diffi-
cult to estimate which AVM patients who are treated
with SRS will manifest with brain edema. Cohen-Inbar,
et al. showed that 22.9% of patients whose AVMs were
treated with SRS have symptomatic radiation-induced
adverse effects. [5]. Most symptomatic radiation-induced
brain edema can be resolved by medical treatment. Med-
ical treatment options are steroids, anticoagulation,
barbiturates and hypothermia. Surgical decompression
remains a treatment option for severe and medically
refractive brain edema after SRS. Hyperbaric oxygen
therapy is an alternative treatment option for this type
of malign brain edema complications of SRS [6].
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FIGURE 1: (A) T2-weighted axial and (B) T1-weighted axial contrast enhancing images
of the MRI show a vascular lesion located at left frontal lobe which is compatible with AVM.

FIGURE 2: Angiography performed before SRS. (A) Lateral and (B) anteroposterior

images show an AVM. Nidusis 3.5 cm in diameter. Lesion has deep venous drainage.

AVM feeds from left anterior cerebral, middle cerebral and lenticulostriate arteries.
Venous drainage is toward superior sagittal and transverse sinuses.

CASE REPORT

A 16-year-old female patient complained of continuous
headache. It was especially problematic on the left side
and had occurred over a one-year period. Neurological
examination was normal. MRI revealed a Spetzler-Martin
Grade III AVM located at the left frontal lobe. Angio-
graphic examination was performed. It showed that the
nidus was 3.5cm in diameter, and the AVM had deep
venous drainage. The AVM was feeding from the left
anterior cerebral, middle cerebral and lenticulostriate
arteries, and venous drainage was toward the superior
sagittal and transverse sinuses (Figures 1,2). Treatment
options, their success rate, and possible complications
were explained to the patient and her parents. It was
decided that the lesion would be treated by volume-
staged SRS in two fractions.
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Our treatment methodology was previously described
[7]. Briefly, after placement of the stereotactic head frame,
MRI and angiography were performed as part of the treat-
ment plan. The treatment plan was arranged by a neuro-
surgeon, a radiation oncologist and a medical physicist.
SRS treatment was performed by using a Leksell Gamma
Knife® Perfexion™ procedure at Gazi University Gamma
Knife Center. In stage I of the radiosurgery, 12.2 cm?
of volume was treated with a marginal dose of 18 Gy
(minimum 1.7 Gy - maximum 36.6 Gy) and in stage II
13.9 cm?® of volume was treated with a marginal dose
of 18 Gy (minimum 15.1 Gy - maximum 36.6 Gy). Post
procedural period was uneventful, without any symptom
or complication after both sessions of SRS. The patient
was treated with a prophylactic oral steroid (dexametha-
sone; 4mg every six hours tapered in one week) for brain
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FIGURE 3: (A) Pre-HBO, T2-weighted axial MRI indicates massive brain edema
which is causing midline shift. (B) After three months of 10 sessions HBO, therapy
a dramatic reduction in edema on T2-weighted axial MRI is shown.

edema and non-steroidal anti-inflammatory medication
(paracetamol 500 mg every eight hours) for pain control.

There was no symptom or complaint after the second
session of SR. However, after eight-months the patient
presented with headache, vomiting, right-sided facial
palsy and right upper extremity paresthesia. Neurological
examination showed House-Brackmann Grade II facial
palsy on the right side. A computerized tomography (CT)
of the head demonstrated severe vasogenic edema in
the left centrum semiovale and temporal region.
Malign edema was causing an 8 mm midline shift as well
(Figure 3A). Medical treatment for edema was started
with intravenous steroid (dexamethasone 6 mg every
four hours). Although headache and vomiting symptoms
were relieved after medical treatment, facial palsy and
radiological malign edema findings persisted. Due to
these persistent neurological symptoms HBO, therapy
was agreed upon by the neurosurgeon, radiation on-
cologist and hyperbaric medicine specialist.

The patient was treated in a multiplace hyperbaric
chamber with daily two-hour HBO, sessions at 2.4 at-
mospheres absolute, which continued for 10 days.
During the 10th session of HBO, the patient had a new-
onset generalized tonic clonic seizure, so treatment
was terminated. Neurological symptoms had totally re-
solved after HBO, therapy. An MRI scan performed
three months after the treatment demonstrated serious
improvement of brain edema and mass effect (Figures 3B,
4).
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DISCUSSION

Although SRS is an effective treatment option for AVM,
it contains several complication risks. Acute onset toxic
effect of radiation is rare after SRS treatment, late
onset radiation-induced brain edema is a more common
complication of SRS.

Radiation-induced brain edema is due to WMI and
radiologically defined as hyperintensity around target
tissue on T2-weighted and FLAIR magnetic resonance
imagining. Different studies have shown that radiological
findings of radiation-induced changes have been associ-
ated with a larger treatment dose than 12 Gy. Flickinger,
et al. reported rates of 42.4% radiological findings and
10% neurological findings after SRS was associated with
more than 12-Gy treatment volumes of 56.5 cm?® [8].
Another study showed an incidence of delayed onset or
progressive brain edema of 10% (four of 40 cases) after
SRS for cranial metastases [9]. White matter injury and
brain edema complication after SRS were observed more
frequently for AVMs than for cranial metastases [2,3].

Late-onset radionecrosis may contribute to chronic
inflammatory reaction and induce cerebral edema. Cor-
ticosteroids are classical treatment options for cerebral
edema in prophylaxis and for refractory cases as well.
Also, new investigations are studying anticoagulation,
growth factors and stem cells for treatment and pre-
vention of radiation-induced neurotoxicity [10].

Different studies have described radiation-induced
brain edema complication in 3% to 45% of patients after
SRS for AVMs [11-14]. A permanent deficit has been de-
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FIGURE 4: Last radiological follow-up has been performed after 48 months.

(A) Lateral and (B) anteroposterior angiographic images indicate
complete obliteration of the AVM. (C) T2-weighted axial and (D) T1-weighted
axial contrast enhancing MRI images indicates complete resolution of edema.

scribed in 2% to 5%. Major etiological factors of edema
include vasogenic edema and metabolic suppression.
High radiation doses are usually the cause for this
complication. Some studies are suggesting that obstruc-
tion of the draining vein is the underlying mechanism
of SRS-induced edema [6].

HBO, therapy is a functional treatment for SRS-
induced brain edema. Increasing tissue oxygenation by
HBO, can induce cellular and vascular regeneration.
HBO, creates oxygen level differences between radiated
and non-irradiated tissue. This gradient causes a stimulus
for fibroblast and capillary angiogenesis. HBO, can cause a
decrease of lactate level in cerebrospinal fluid (CSF). This
effect of HBO, can restore anaerobic condition of neu-
rons [6].

HBO, has been used for bone and soft-tissue radione-
crosis of the head and neck region [15]. HBO, promotes
neovascularization at hypoperfused tissue. Neovascular-
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ization may cause improvement of functionality in radi-
ation-induced damaged tissue. The main results of HBO,
are to decrease cerebral edema, provide normal water
content to the brain parenchyma, decrease severity of
brain infarction, provide blood-brain barrier integrity,
maintain antioxidant defenses, decrease the proliferation
of foam cells and macrophages, and block astrocyte and
macrophage release of neurotoxic factors. These changes
cause improvement of neuronal integrity and patient
outcome for patients with radiation-induced SRS [16].

Another potential treatment mechanism of HBO, is
cerebral vasoconstriction. Cerebral vasoconstriction re-
sults in decreased cerebral blood flow. HBO, can also
decrease vascular permeability, which in turn can de-
crease cerebral edema after SRS. HBO, may be a potential
treatment option for SRS-induced brain edema with
these mechanisms [6].
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WMI is more frequent after SRS for AVMs and more
benign lesions [17] than metastatic brain tumors. There-
fore, prophylactic HBO, could be an option before or
after SRS for AVMs [17].

CONCLUSION

Radionecrosis and brain edema are well-known com-
plications after stereotactic radiosurgery. This compli-
cation is more frequent after treatment of arteriovenous

malformation and benign tumors. Medical treatment

is sufficient for most symptomatic radiation-induced
brain edema, but in refractory cases hyperbaric oxygen
therapy is an alternative treatment option for malign brain
edema complications of SRS.
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