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Abstract
Purpose Cerebral arteriovenous malformation (AVM) is tra-
ditionally thought of as a congenital diagnosis. In recent years,
there has been infrequent reports of this neurovascular condi-
tion presenting as de novo entities.
Methods The authors report two cases of pediatric patients
who present with de novo cerebral AVMs. In both cases, the
patients had magnetic resonance imaging (MRI) of the brain
done as part of the work-up for first-onset seizures. At that
point in time, the scans were unremarkable. After a latent
period of approximately 6 and 9 years respectively, a repeated
MRI brain scan showed evidence of de novo AVM for each
patient.
Results Both patients did not have radiological evidence of
cerebral AVM during their first presentation of seizures. How-
ever, a repeated MRI brain scan after a period of 6 and 9 years
demonstrated new findings of cerebral AVM for each patient.
Conclusions Currently, the disease of cerebral de novo AVM
remain as an ambiguous condition that is poorly understood.
With the advances in molecular diagnostics, there are possi-
bilities of exploring biochemical profiles for better under-
standing of the origin of cerebral AVMs. However, in the

meantime, owing to the unpredictable nature of cerebral
AVMs, clinicians should have increased awareness of this
unique condition. This is especially important, as definitive
treatment is available to prevent devastating neurological se-
quelae from cerebral AVM rupture.

Keywords Arterio-venousmalformation . Cerebral venous
malformation

Introduction

Cerebral arteriovenous malformation (AVM) is traditionally
thought of as a congenital diagnosis. They are postulated to be
caused by defects during the development of blood vessels and
are characterized by an arteriovenous shunt without a capillary
bed, but with the presence of an arterial nidus [5, 10]. In recent
years, there has been scattered reports of this neurovascular
condition presenting as de novo entities. However, owing to its
scarcity, this concept of de novo cerebral AVMs remains as a
poorly understood condition. Here, the authors present two
independent cases of de novo AVM development years after
an initial radiologically normal brain scan. In view of the unique-
ness of this condition, the authors discuss the two patients’ cases
and review the relevant literature in detail.

Case report 1

A previously well 1-year-old boy with normal developmental
milestones was admitted to the hospital for first onset of non-
febrile seizures that self-resolved. The patient had neither
other constitutional symptoms nor significant family history
that may have possibly contributed to his seizure. An electro-
encephalogram (EEG) did not show seizure foci. Furthermore,
a magnetic resonance imaging (MRI) scan of the brain
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demonstrated no structural abnormalities. He was managed
conservatively with anti-epileptics and discharged home sta-
ble. During the 3 years of outpatient follow-up, the patient was
successfully weaned off his anti-epileptic medications. How-
ever, at 7 years of age, he was admitted again for seizures. A
repeated MRI brain scan showed a left cerebellar arteriove-
nous malformation (AVM). No focus of restricted diffusion
was present to suggest an acute infarct, nor any susceptibility
artifact that would suggest previous hemorrhage. This inves-
tigation was followed up with a four-vessel cerebral angio-
gram that confirmed the MRI brain findings. Overall, the
radiological results was suggestive of a Spetzler-Martin grade
III [30] AVM (Fig. 1). For this case, the patient’s parents opted
for him to undergo stereotactic radiosurgery (Novalis) for his
lesion.

Case report 2

A previously well 7-year-old female presented with a single
episode of seizures associated with a fever that self-resolved.
Similarly, this patient had no other constitutional symptoms or
family history that may have possibly contributed to her
presentation. As part of the work-up investigations, a MRI
brain scan was performed which showed no obvious intracra-
nial abnormality. Her remaining tests were correspondingly
unremarkable. The patient remained asymptomatic until the
age of 16, during which she complained of intermittent head-
aches. A repeated MRI brain scan reported a small parenchy-
mal AVM in the left anterior temporal lobe. There was no
associated intra-parenchymal hemorrhage, atrophy, or gliosis
detected. Based on these findings, the diagnosis was that of a
Spetzler-Martin grade II [30] AVM (Fig. 2). In this case, the

patient’s parents decided to proceed with surgical excision of
her cerebral AVM.

Discussion

Based on current understanding, an AVM is a lesion involving
an abnormal connection between the arteries and veins due to
the lack of capillary beds. Intracranially, it appears as a mac-
roscopic tangle of blood vessels, consisting of a relatively
well-circumscribed center, known as the nidus. The nidus is
supplied by a varying number of feeding arteries and draining
veins [7]. This unique vascular anatomy results in altered
cerebral hemodynamics, forming a low resistance and high
and, or low flow arteriovenous shunt [17]. At a microscopic
level, blood vessels in the nidus are usually characterized by
thin and or irregular muscularis and elastica islands of scle-
rotic tissue, endothelial thickening, and media hypertrophy
[7]. Globally, the number of reported de novo intracranial
AVMs is infrequent. To our knowledge, there have been only
12 previously published cases of de novo AVM formation in
patients in the past two decades (Table 1) [1, 3, 5, 10, 18, 19,
22, 24, 29, 31].

From these cases, it was observed that there was equivocal
distribution of occurrence between both genders. Interesting-
ly, majority of de novo AVMs were found in the supratentorial
region, with only one case reporting the infratentorial region.
In congruency with the literature, our two patients share the
pediatric range as most of the reported patients, when they
were initially found to have no evidence of AVMs. Only one
patientwas reported to be free ofAVMpresentation at 26 years
of age, which is well past the pediatric age range [5].

Fig. 1 aAxial T2-weighted MRI brain at 1 year old showing no obvious
vascular anomaly. b Axial T2-weighted MRI brain at 7 years old
demonstrating an AVM consisting of a cluster of fine vessels seen in
the superior left cerebellar hemisphere and a prominent serpiginous vein

draining into the torcula. c A follow-up DSA after the MRI brain (b)
cerebral angiogram outlining the vascular details of the left cerebellar
AVM
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Over time, the knowledge of AVMs has considerably
evolved. Once considered to be static lesions, the discovery
of enlargement or regrowth of AVMs observed in postopera-
tive angiograms suggests the lesions to be dynamic in nature
instead [18, 9, 14]. Also, the origin of AVMs is still elusive to
date. Traditionally, AVMs have been believed to be strictly
congenital in nature [23, 26]. One common theory postulates
that an early trigger prenatally in the genetic pathway for
vascular development causes a multifocal vascular abnormal-
ity in the form of an AVM [21]. However, there has been little
evidence for the existence of AVMs in utero, at birth, and even

in infants [8, 2]. Concordantly, there is growing evidence that
AVM development is a postnatal event. The pathogenesis of
postnatal AVMs has been attributed to the expression of
angiogenic factors, such as vascular endothelial growth factor
(VEGF). Elevated expression of these factors induces abnor-
mal endothelial proliferation, which then encourages abnor-
mal vasculature development and AVM formation [28]. For
example, patients with AVMs have been found to have both
local and systemic elevations of VEGF [28, 20]. Vascular
endothelial growth factor has been typically associated with
vascular disorders, especially in the processes that involve

Fig. 2 a Axial T2-weighted MRI
brain at 7 years old showing no
obvious vascular anomaly. b
Axial T2-weighted MRI brain at
16 years old showing a small
parenchymal AVM in the left
anterior temporal lobe. c MRA
image demonstrating the left
temporal AVM, where the feeding
artery appears to arise from the
M2 branch of the left middle
cerebral artery
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hypoxia, hemorrhage, and inflammation [4, 28, 11, 27]. In
addition to VEGF, platelet-derived growth factor (PDGF)
ligand A and receptor α have also been found to be raised in
AVMs. These are thought to rise either with increased blood
flow in the lesion or with ischemia. They are involved in
signal transmission into the cell, which results in expression
of angiogenesis-related genes [13]. To summarize, elevated
angiogenic factors may add insight into these cited cases.
Interestingly, some of these biochemical factors, such as
VEGF, were also implicated from the cases highlighted in
Table 1. Furthermore, corresponding to the features of molec-
ular involvement, the influence of genetics has also been
found to contribute to AVM pathogenesis as well. For in-
stance, haploinsufficiency of either activin receptor-like ki-
nase 1 (ALK1) or endoglin (ENG) gene in endothelial cells
have been observed to be associated with increased risk of
AVM formation in animal studies [12, 6]. In these animal
studies, it has also been demonstrated that angiogenic stimu-
lation (such as VEGF) was necessary to trigger the start of
AVM formation and that genetic mutation alone was unable to
do the same [6]. Building on these observations, it is highly
suggestive that AVM pathogenesis is likely to require a com-
plex interplay of genetic and biochemical mechanisms that are
uncertain at this stage. Overall, there is growing clinical evi-
dence and scientific results to indicate that de novo develop-
ment of cerebral AVMs should be reconsidered as acquired
postnatal lesions.

Another notable feature of our cases is that both patients
had seizures at first presentation. Seizures have been long
accepted to be important manifestations of cerebral AVMs
[32]. From the literature, the incidence of patients with sei-
zures and without clinical evidence of hemorrhage has been
cited to be between 17 and 30 % [25, 15]. Despite this well-
known association, the cause of epileptogenesis from cerebral
AVMs is still unclear [16]. Providentially, through the appre-
ciation of improved research techniques, we are now aware
that detailed analysis of cerebral AVMs’ angioarchitecture has
shed insight into features that strongly correlate with epilepsy
[32]. Building on the scientific evidence of AVM pathogene-
sis, there is a role to explore the similar molecular factors to
bridge the current gaps in knowledge between seizures and
cerebral AVMs.

Conclusion

Owing to the infrequent number of de novo intracranial
AVMs, the traditional view of AVMs as a congenital entity
still holds. Here, both of our cases add to the limited but
growing pool of clinical evidence that questions the congen-
ital origin of cerebral AVMs. Based on preliminary results of
scientific research in this subject, there is a strong likelihood
that there are complex biological elements underlying the
formation of AVMs. However, in this stage, the details of

Table 1 Summary table of reported cases of de novo AVM in literature

Authors Age of initial
scan

Age of diagnosis
of de novo AVM

Gender Clinical conditions reported
in same setting

Location in brain

Schmit et al. [29] 2 11 Male Moyamoya disease
and parietal infarct

Left parietal lobe

Bulsara et al. [5] 26 32 Female Inflammatory/demyelinating
disease

Right posterior temporal

Akimoto et al. [1] 10 27 Female Previous AVM Corpus callosum and
cingulate gyri

Gonzalez et al. [10] 3 7 Female Trauma Right posterior temporal

O’Shaughnessy et al. [24] 3 6 Female Sickle cell disease and
moyamoya disease

Right sylvian region

Stevens et al. [31] 6 9 Female Band heterotopia and mild
trauma

Left parieto-occipital

Mahajan et al. [22] 16 30 Female Possible inflammatory insult
from bell’s palsy

Left frontoparietal

Alvarez et al. [3] 6 8 Male Cerebral cavernous
malformation

Enlarged vein of galen
and straight sinus

Jeffree et al. [18] 17 days 5 Male Right temporal and parietal
hemorrhage

Right insular cortex and
basal ganglia draining
to vein of galen

Jeffree et al. [18] 10 15 Male Right temporo-parietal
intracerebral hemorrhage

Right temporo-parietal

Jeffree et al. [18] 8 18 Male Left parietal hematoma Right parieto-occipital

Kibourne et al. [19] 12 19 Male Congenital hydrocephalus
and seizures

Brainstem
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the underlying biology have yet to be elucidated. In the
meantime, due to the unpredictable nature of cerebral AVMs,
clinicians should have heightened awareness of this unique
condition. This is especially important, as definitive treatment
is available to prevent devastating neurological sequelae from
cerebral AVM rupture. Nevertheless, owing to the exponential
advancements in molecular and genetic investigations, the
authors foresee an equivocal leap in the understanding of
cerebral AVMs’ pathogenesis. With the increment of such
valuable knowledge, the neurosurgical community can look
forward to a future whereby the clinical management of this
condition can be rampantly improved.
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