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Abstract

BACKGROUND

Brain arteriovenous malformation (AVM), an aberrant vascular development during the
intrauterine period, is traditionally considered a congenital disease. Sporadic reports of
cases of de novo AVM formation in children and adults have challenged the traditional

view of its congenital origin.

CASE SUMMARY

In this report, we have presented the case of a child with a de novo brain AVM.
Magnetic resonance imaging and magnetic resonance angiography of the brain showed
no AVM at the age of 5 years and 2 mo. Brain AVM was first detected in this child at the
age of 7 years and 4 mo. The brain AVM was significantly advanced and hemorrhage
was seen for the first time at the age of 12 years and 8 mo. There was further
progression in the AVM and hemorrhage occurred again at the age of 13 years and 5
mo. Genetic analysis of this patient revealed a mutation in the NOTCH2 (p.Asp473Val)

gene.




CONCLUSION
In short, our case has once again confirmed this view, that is, brain AVM is an acquired

disease, which is the result of the interaction of genes, environment, and molecules.
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Core Tip: Brain arteriovenous malformation (AVM) is one of the main causes of
spontaneous cerebral hemorrhage in children. At present, the mechanism of the
occurrence and development of AVM is not clear, and there have been very few case
reports which have documented the progression of a de novo brain AVM. In this report,
we present the case of a child with a de novo brain AVM. Brain AVM was first detected
in this child at the age of 7 years and 4 mo, and was significantly advanced and
hemorrhaging at the age of 12 years and 8 mo. Genetic analysis of this patient revealed

a mutation in the NOTCH2 (p.Asp473Val) gene.

INTRODUCTION

Brain arteriovenous malformation (AVM) is one of the main causes of spontaneous
cerebral hemorrhage in childrenlll. It accounts for 30%-50% of spontaneous cerebral
hemorrhage in children('2l. It is generally believed that AVM is a kind of congenital
vascular disease. The abnormality is formed in the third to fourth week of embryonic
development when the length is about 40-80 mm during the process of cerebrovascular
development and manifests as abnormal coiled and interlaced vascular clustersl®l.
Arteries and veins are directly connected by malformed vascular clusters. At present,

the mechanism of the occurrence and development of AVM is not clear, and there have
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been very few case reports which have documented the progression of a de novo brain
AVMUI. Here, we have documented for the first time a case of a child with a de novo
brain AVM that progressed and ruptured twice within 6 years. We have also reported
for the first time the potential role of heterozygous mutations in the NOTCH2 gene in
the pathogenesis of AVM.

CASE PRESENTATION

Chief complaints
A 15-year-old boy was admitted to the hospital in November 2019 with complaints of

an acute headache for 3 h.

History of present illness
The child presented with a sudden severe headache for 3 h with no inducing factors. He

was conscious and had no history of nausea, dizziness or fever.

History of past illness

The boy had normal growth and development, and no history of other special diseases.
In August 2011, the child presented at é‘lother hospital with complaints of a headache
for more than 1 wk. At that time, magnetic resonance imaging (MRI), magnetic
resonance angiography (MRA), and magnetic resonance venography (MRV) were
performed. The scans revealed that there was no vascular abnormality, abnormal signal
intensity, or any other findings suggestive of an AVM (Figure 1A-C). At that time, the
doctor did not administer any treatment, and the headache was ameliorated by itself. In
October 2013, the child again presented at another hospital with headache and nausea
for 2 days. His MRA scan revealed a small right temporal AVM, the size of which was
6.2 mm x 1.9 mm (Figure 1C). DSA revealed the presence of a suspicious lesion in the
right temporal lobe (Figure 1D). The boy was treated for headaches and was not
examined further. In February 2019, the boy presented at our hospital complaining of a

sudden headache and vomiting for 2 h. He was conscious when he came to our
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hospital. His lasgow coma scale (GCS) score was 14 and National Institutes of Health
Stroke Scale (NIHSS) score was 1. Computed tomography (CT) of the head
demonstrated acute intracerebral hemorrhage in the right temporal lobe. The MRA
revealed a small AVM in the right temporal lobe (Figure 1E). Symptomatic treatment
was given to the child during hospitalization, and gamma knife radiosurgery was

suggested. Unfortunately, the child’s parents rejected radiotherapy.

Personal and family history

The patient did not have any personal or family history of brain AVM.

Physical examination
The patient was conscious when examined at our hospital in November 2019. His GCS

score was 15 and his NIHSS score was 1.

Labomtory examinations

Laboratory examinations showed no significant abnormality.

Imaging examinations

A small AVM within the right temporal lobe was visualized in the MRA (Figure 1G),
and cerebral angiogram revealed the presence of a 21.6 mm x 21.2 mm right temporal
AVM, which was supplied by the inferior temporal branches of the right posterior
cerebral artery. Venous drainage occurred through superficial cerebellar veins into the
right sigmoid sinus. It was classified as Spetzler-Martin grade 1 (Figure 1H).

In November 2019, CT of the head demonstrated the presence of an acute
intracerebral hemorrhage in the right temporal lobe (Figure 1I). DSA displayed
abnormal vascular clusters, which were slightly larger than those seen 10 mo ago. The
size of these clusters was 24.3 mm x 22.8 mm. The AVM was classified as a Spetzler-

Martin grade 1 (Figure 1J).
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FURTHER DIAGNOSTIC WORK-UP

After receiving consent from the child’s parents, we conducted genetic analysis for the
child and his parents. We discovered a mutation that might be related to the incidence
of AVM, NOTCH2 heterozygous mutation [NM_024408.3; c.1418A>T; p.Asp473Val].

The mutation was only found in the child.

FINAL DIAGNOSIS
Brain AVM, Spetzler-Martin grade 1.

TREATMENT
The parents refused to conduct further interventional treatment. Supportive treatment
was administered during the hospitalization period, and the boy was discharged after

10 days in good clinical condition.

OUTCOME AND FOLLOW-UP

The clinical condition of the child was good during the final follow-up, which was
performed on January 2021. The child was in good general condition at the time. After

January 2021, he was lost to follow-up.

DISCUSSION

The patient underwent MRI, MRA and MRYV scans in August 2011, at the age of 5 years
and 2 mo for nonspecific headaches. No abnormal vascular lesions or secondary signs
of brain AVM were observed. A brain AVM was first identified in October 2013.
Bleeding occurred for the first time in February 2019 and occurred again in November
2019. The malformed vascular clusters progressed significantly during this period. No
risk factors were associated with AVM in this case. Literature review revealed that most
of the reported AVM cases had underlying pathology, and only a few of them had no
cause of de novo AVMIL Our case report is the first to define the progression and

eventual rupture within 6 years following its primary discovery. We also report for the




first time that heterozygous mutations in the NOTCH2 gene might be playing a role in
the pathogenesis of AVM.

Currently, the pathogenesis of brain AVM is not clearly understood. The imbalance
of some signal molecules during embryonic development is believed to be the most
likely reason for no capillary formation between the arteries and veins/®l. This balance is
dependent on the strict regulation of various angiogenic factors, and any interference
for these automatic regulation factors may lead to the formation of AVM. There was no
high-risk factor for AVM in this case, and the only high-risk factor which may have a
relation in the development of AVM was the heterozygous mutation of the NOTCH2
gene. The NOTCH2 protein is the receptor of the Notch signaling pathway, and its
activity can directly affect Notch signaling. However, the Notch signaling pathway has
complex and context-dependent effects on angiogenesisl®?l. Studies have demonstrated
that abnormal activation of notch signaling in human brain AVM was associated with
AVM bleedingl®l. The inhibition and activation of notch signaling were both associated
with AVM formation. The mutation in this case (p.Asp473Val) was first described by
Gilbert et all’l. The mutation is located in exon 8, and exon 8 encodes the epidermal
growth factor-12 domain of NOTCH2%0l. Unfortunately, there has been no research on

the effect of this mutation on the function of the NOTCH?2 protein.

CONCLUSION

We report for the first time a case of de novo AVM formation in a child, which
progressed, eventually ruptured within 6 years. Our case contests the traditional view
that brain AVM is congenital, and our case once again confirms the view that brain
AVM is an acquired disease which is the result of an interaction of genes, environment,

and molecules.
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