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a b s t r a c t

Cerebral arteriovenous malformations (AVM) are traditionally considered primary congenital lesions that
result from embryological aberrations in vasculogenesis. Recent insights, however, suggest that these
lesions may be secondary to a vascular insult such as ischemia or trauma. Herein, the authors present
a rare case of a secondary cerebral AVM, occurring in a young girl who received prior cranial radiation
therapy. At age 3 years, she underwent surgical resection, chemotherapy, and photon radiation therapy
for treatment of a fourth ventricular ependymoma. At age 19 years, she developed new onset seizures
and was found to have a left medial temporal lobe AVM. Her seizures were managed successfully with
anti-epileptic medications and the AVM was treated with proton radiation therapy. This case highlights
a rare but possible vascular sequela of radiation therapy and adds to the growing body of evidence that
cerebral AVM may arise as secondary lesions.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Cerebral arteriovenous malformations (AVM) are traditionally
considered congenital lesions arising as a result of incomplete
fetal vascular maturation [1,2]. Apart from known genetic
syndromes such as hereditary hemorrhagic telangiectasia (HHT)
or cerebrofacial arteriovenous metameric syndromes, it has
yet to be definitively shown that AVM are strictly congenital
phenomena [3,4].

In contrast, there is a small, but growing, body of literature
supporting ‘‘spontaneous formation” of these lesions, with 19
cases at the time of writing [5–19]. De novo formation of cerebral
AVM can be primary or idiopathic, but there is mounting evi-
dence that these lesions may be secondary to cerebral traumatic
or ischemic insult [2]. In the present report, we present a case of
cerebral AVM formation 13 years following photon radiation ther-
apy for an ependymoma, and highlight the growing distinction
between primary and secondary cerebral AVM. We also use this
new insight as a platform to elaborate novel nomenclature for
AVM. To our knowledge this case is the first full report in the

literature of an AVM developing secondary to photon radiation
therapy.

2. Case presentation

A 16-month-old girl born prematurely at 29 weeks gestation,
but with an otherwise uncomplicated developmental history with-
out family history of AVM presented to the neurosurgery service
with developmental regression manifested by a progressive inabil-
ity to sit upright without falling, loss of balance, and rapid growth
in head circumference. MRI of the brain revealed a lesion within
the fourth ventricle causing outflow obstruction and ventricu-
lomegaly. She underwent a midline suboccipital craniotomy with
gross total resection of the lesion. Pathological examination
demonstrated an ependymoma.

Post-operatively, she required a ventriculo-peritoneal shunt
for persistent ventriculomegaly and hydrocephalus. She under-
went chemotherapy with cisplatin, vincristine, and cyclophos-
phamide prior to consideration of radiation treatment. After
completing chemotherapy at age 3 years, she underwent photon
radiation therapy to the posterior fossa at a dose of 4680 Gy with
a 720 Gy boost over 30 fractions (Fig. 1). Radiation and
chemotherapy were tolerated well and follow-up yearly MRI were
stable for 16 years.
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At age 19 years, she experienced a partial complex seizure, with
seizure semiology described as decreased responsiveness, right
hand rhythmic grasping, and right facial twitching. No lesion was
identified on MRI of the brain (Fig. 2A, B); however, she was closely
monitored with regular biennial imaging. Routine follow-upMRI of
the brain at 24 years of age demonstrated a 1.5 � 1.2 � 0.7 cm
lesion in the left choroidal fissure above the left hippocampal body
with flow voids concerning for an AVM (Fig. 2C, D). Digital
subtraction angiography further elucidated a 1.5 cm left
choroidal AVM (0.63 cm3) with a supplemented Spetzler–Martin
grade of 6 (S1E1V1/A2B1C0) and a Pollock–Flickinger score of
0.94 (score = 0.1 * volume + 0.02 * age + 0.5 * location) (Fig. 2E)
[20–22]. Given the location, supplemented Spetzler–Martin grade,
and the Pollock–Flickinger score, she underwent 1600 centiGray
(relative biological effectiveness) proton radiosurgery in two frac-
tions [23].

3. Discussion

The genesis of AVM is classically viewed as a prenatal event
during embryological vasculogenesis [24]. This paradigm is sup-
ported by the presence of these lesions in both the pediatric
and adult populations [25]. Due to the widespread use of cranial
imaging over the past decade, case reports of ‘‘spontaneous”
rather than ‘‘congenital” lesions have arisen (Table 1). At the time
of writing, there have been 19 cases reported in the literature
[5–19]. These cases include AVM in both adult and pediatric pop-
ulations and question our fundamental assumptions and under-
standing of AVM.

With the growing number of cases of AVM reported as de novo
or in association with other conditions, it is necessary to recon-
sider our current nomenclature. We propose to use the terms
‘‘primary”, ‘‘syndromic”, and ‘‘secondary” to distinguish among
these AVM (Fig. 3). Primary AVM occur congenitally as a result
of an aberration in cerebral vasculogenesis, which is in contrast
to ‘‘syndromic” AVM associated with a known and well-
described genetic syndrome. Secondary AVM are those AVM that
occur as an effect of a disparate pathophysiological process. Vas-
cular insults, such as ischemic or traumatic events, underlie the
majority of these reported cases and it may be more appropriate
to consider these AVM as an abnormal vascular response to
injury. Disruptions in physiologic angiogenesis in response to
stressors such as trauma, stroke, and hemorrhage may lead to
abnormal vessel formation that leads to the development of
AVM [12,16,18,26].

In order to improve our understanding of AVM genesis and ulti-
mately develop targeted treatment methods, it is first necessary to
understand the pathways involved in the formation of AVM in
both primary pathophysiological processes and secondary to vas-
cular insults. Studies of HHT-associated AVM implicate deficien-
cies in the ALK1 and ENG1 pathways, both of which have crucial
roles in tumor growth factor (TGF)-beta signaling as predisposing
factors [1,27–30]. These findings are supported by genome-wide
association studies of patients with AVM that illustrate single
nucleotide polymorphism variations in ALK1. Perturbations in
stromal stability influenced by matrix-metallo protein 9 expres-
sion, a possible driver of moyamoya vasculopathy and intracranial
aneurysms, have also been posited as underlying mechanisms
[31,32].

In addition to vascular insults from stroke, trauma, and hem-
orrhage, radiation therapy is known to alter the vasculature [33].
In fact, radiation therapy is often used in the treatment of AVM
because of its effect on the vascular system [23]. In the present
case, our patient initially presented with a near-midline lesion,
which received a prescribed dose of 4680 Gy with putative clin-
ical and radiographic evidence of de novo AVM formation in the
setting of photon radiation therapy. Radiation therapy is known
to have several long-term secondary in-field complications,
including secondary malignancy, ototoxicity, endocrinologic defi-
cits, and vasculopathy [34,35]. Radiation-induced vasculopathy
includes vascular stenosis, strokes, cavernomas, capillary telang-
iectasias, and, in rare instances, aneurysms [34]. Radiation is
known to lead to endothelial cell damage, vessel remodeling,
and subsequently vascular endothelial growth factor (VEGF)
and TGF-beta expression [33,36–39]. Again, VEGF and TGF-beta
(signaled by ALK1 and Endoglin pathways) have been implicated
as possible drivers of AVM formation, thereby implicating
radiation therapy as a rare but possible factor in AVM formation
[1,40].

Alternatively, the very dynamic nature of AVM may implicate
an alternative explanation. Known AVM display clinical variabil-
ity when followed over time. AVM recurrence, regression, and
expansion are all clinically reported phenomena [41–43]. Fur-
thermore, when compared to digital subtraction angiography,
considered the gold standard, CT scanning and MR angiography
have only an approximately 90% sensitivity and specificity for
AVM diagnosis [44]. Thus, the possibility of a CT scan or MRI
occult AVM exists. However, considering the in-field location,
new symptoms, and change in imaging findings over time, a
‘‘secondary” AVM remains as the most likely phenomenon in
the presented case.

Fig. 1. Sagittal plain radiograph photon radiation plan demonstrating the area
targeted to receive 4680 Gy as well as the area of 720 Gy boost, illustrating
inclusion of the middle fossae in the treatment plan.
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Fig. 2. (A) T2-weighted and (B) T1-weighted axial MRI with contrast 3 years post-radiation demonstrating no evidence of a medial temporal lobe abnormality. (C) T2-
weighted and (D) T1-weighted axial MRI with contrast 12 years post-radiation displaying a medial temporal lobe abnormality. (E) Digital subtraction angiography, left
internal carotid artery injection, illustrating a left medial temporal lobe nidus with a left anterior choroidal artery feeder.
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Table 1
Previous case reports of ‘‘secondary” arteriovenous malformations reported in the literature

Author Age at baseline
imaging, years

Age at diagnosis Sex Reason for prior imaging Reason for diagnostic imaging Location of AVM Initial modality Diagnostic modality

Schmit et al. 1996 [45] 2 11 M Moyamoya Seizure Left parietal MRI/
Angiography

MRI/Angiography

Friedman et al. 2000 [5] 61 68 M dAVF Follow-up Right cerebellum MRI/
Angiography

MRI/Angiography

Bulsara et al. 2002 [6] 26 32 F Demyelinating disease ICH Right posterior temporal MRI/
Angiography

MRI/Angiography

Akimoto et al. 2003 [7] 10 27 F IVH, 2 other AVM IVH Corpus callosum and cingulate Angiography Angiography
Gonzalez et al. 2005 [8] 3 7 F Trauma Follow-up Right posterior temporal MRI MRI Angiography
O’Shaughnessy et al. 2005 [9] 3 6 F Moyamoya Follow-up Right Sylvian MRI MRI Angiography
Stevens et al. 2009 [11] 6 9 F Developmental delay Follow-up Left-temporal-occipital MRI MRI/Angiography
Jeffree et al. 2009 [10] 17 days 5 M Right temporal hemorrhage Follow-up Right insular cortex Angiography CT/Angiography

10 15 M Right temporal hemorrhage Follow-up Right temporal-parietal Angiography Angiography
8 18 M Left parietal hemorrhage Hemorrhage Left parietal-occipital Angiography Angiography

Mahajan et al. 2010 [12] 16 30 F Bell’s palsy Seizure Left frontal-parietal MRI MRI/Angiography
Alvarez et al. 2012 [13] 6 8 M Cerebral cavernous malformation Follow-up VOG/straight sinus MRI/MRA MRI/Angiography
Mathon et al. 2013 [14] 5 9 M Medulloblastoma Follow-up Right peri-sylvian MRI MRI/Angiography
Kibourne et al. 2014 [16] 12 19 M Congenital hydrocephalus Hemorrhage Pontine MRI Angiography
Morales-Valero et al. 2014 [17] 31 35 M TIA TIA Let parietal-occipital MRI MRI/Angiography

42 56 M Hepatic encephalopathy Hemorrhage Left temporal Angiography Angiography
Fujimura et al. 2014 [15] 10 14 F Moyamoya Follow-up revascularization Right occipital MRI/

Angiography
MRI/Angiography

Yeo et al. 2015 [19] 7 16 F Seizure Seizure Left temporal MRI Angiography
1 7 M Seizure Seizure Left cerebellar MRI Angiography

AVM = arteriovenous malformation, dAVF = dural arteriovenous fistula, F = female, ICH = intracerebral hemorrhage, IVH = intraventricular hemorrhage, M = male, MRA = magnetic resonance angiography, TIA = transient ischemic
attack, VOG = vein of Galen.

Case
R
eports/Journal

of
Clinical

N
euroscience

28
(2016)

162–
167

165



4. Conclusion

AVM are considered congenital lesions, yet a small body of evi-
dence supports the possibility of post-natal AVM formation due to
tissue damage or vascular insult. This patient demonstrates an
AVM secondary to photon radiation therapy and adds to the grow-
ing body of clinical evidence supporting the plausibility of a subset
of AVM as secondary rather than primary lesions.
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Fig. 3. Schematic of proposed nomenclature based on the etiology of AVM. AVM = arteriovenous malformation, HHT = hereditary hemorrhagic telangiectasia.
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a b s t r a c t

Aneurysmal bone cysts (ABC) are benign but locally aggressive osseous lesions characterized by blood-
filled cystic cavities that account for 1–2% of all bone tumors. While pain remains the most common pre-
senting symptom of spinal ABC, extensive anterior column involvement can result in vertebral fractures,
spinal instability, and neurological deficits from compression of neural elements. An exceedingly rare
case of thoracic ABC presenting as acute paraparesis in a 21-year-old pregnant woman, that was success-
fully treated with urgent surgical decompression and stabilization, is reported, with discussion of man-
agement strategies and review of the pertinent literature.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Aneurysmal bone cysts (ABC) are benign but locally aggressive
osseous lesions characterized by blood-filled cystic cavities that
account for 1–2% of all bone tumors [1,2]. When ABC occur in
the spine, they typically involve the posterior elements of the ver-
tebrae, resulting in local bone destruction that often leads to pain.
Extensive bony destruction can, however, result in vertebral frac-
tures, spinal instability, and neurological deficits from compression
of neural elements [3]. We report an exceedingly rare case of tho-
racic ABC in a 21-year-old pregnant woman that was successfully
treated with urgent surgical decompression and stabilization, with
discussion of management strategies and review of pertinent
literature.

2. Case report

A 21-year-old woman who was 15 weeks pregnant presented
with progressive sudden onset paraparesis along with decreased
sensation in the bilateral lower extremities for 3 days and urinary
incontinence. Physical examination was significant for paraparesis

(1/5 left leg, 3/5 right leg), decreased sensation in the bilateral
lower extremities, hyperreflexia and ankle clonus. MRI of the
thoracic and lumbar spine revealed a large lytic lesion involving
predominantly the T1 and T2 vertebrae with severe spinal cord
compression (Fig. 1). The lesion demonstrated intrinsic
‘‘fluid-fluid” levels characteristic of ABC. Urgent spinal cord decom-
pression and stabilization were deemed necessary to prevent fur-
ther neurological deterioration and to optimize clinical outcome.
Potential risk of radiation from intraoperative imaging to the fetus
was discussed extensively with the patient and her family before
the procedure. During positioning, the patient’s abdomen and pel-
vis were wrapped with lead aprons to minimize radiation exposure
to the fetus from intraoperative imaging. Following placement of
the patient in the prone position and standard posterior exposure,
posterior segmental instrumentation was performed at the C5–T5
levels. Given the tumor involvement of the left T1 pedicle and the
entire T2 vertebrae, a left T1 pediculectomy and T2 spondylectomy
were performed followed by expandable cage placement for ante-
rior column reconstruction (Fig. 2, 3). The patient had dramatic
improvement in her bilateral lower extremities strength on post-
operative day 1 with near full strength on physical examination.
Final histopathology confirmed the diagnosis of ABC. At the 6 week
follow-up visit, the patient was doing well with essentially normal
neurological examination. Her pregnancy progressed without any
complications.⇑ Corresponding author. Tel.: +1 312 942 6644; fax: +1 312 942 2176.

E-mail address: manish_kasliwal@rush.edu (M.K. Kasliwal).
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